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Abstract
The objective of this study was to determine if numerical models commonly used for large scale
applications could also be used to model flow through flood control structures in the Rigolets
Pass between Lake Borgne and Lake Pontchartrain.
For this purpose a small scale physical model was built. It showed that bi-stable flow can de-
velop downstream of a constriction. Small changes in the distribution of the approaching flow
significantly impacted flows downstream of the constriction. This behavior could not be properly
reproduced by a small scale 2-dimensional RMA2 model of identical dimensions.
A large scale RMA2 model of the Rigolets testing possible locations and geometries of flood
control structures showed that this pass is very sensitive to variations in the cross sectional flow
area. Even minor reductions can significantly increase headlosses and velocities. To reduce
negative impacts a flood control structure should be built in a wide and shallow area of the
pass.
Keywords:
RMA2, The Rigolets, Flood Control Structures, Hydrodynamic Modeling, Storm Surge
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1 Introduction
1.1 Background
The area of interest for the present research is the Pontchartrain Estuary in Southeast Louisiana
(see 1.1). The center of this shallow brackish estuary is Lake Pontchartrain with an area of
approximately 630 square miles (1,630 sq km) and an average depth of around 11.7 ft (3.55 m).
Lake Maurepas to the west is a predominantly freshwater lake with a surface area of 90 sq mi
(233 sq km). It is connected to Lake Pontchartrain though Pass Manchac. Lake Borgne to the east
is an estuary with an open boundary to the Gulf of Mexico and approximately 212 sq mi (550 sq
km) large. It connects to Lake Pontchartrain through two natural tidal passes, the Rigolets Pass
and the Chef Menteur Pass. Manmade channels create a third connection of the two lakes that
also provides tidal flow exchange between the systems (Haralampides, 2000).
The Mississippi River does not have a natural connection to this system. However, the Bonnet
Carre´ Spillway and a navigational Lock to the Inner Harbor Navigation Channel (IHNC) provide
for temporary freshwater influx. The Bonnet Carre´ Spillway is located approximately 12 miles
west of New Orleans and was created to control the river stages along the Greater New Orleans
Area. It connects to the southeast corner of lake Pontchartrain.The design flow for this structure
1
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Figure 1.1: The Pontchartrain Basin
of 250,000 cfs (7080 m3/sec) is greater than the average tidal cycle flow in the Rigolets (Har-
alampides, 2000; McCorquodale et al., 2007). In a flow survey conducted in August 1997 spring
tide flows (averaged for flood and ebb) approximated 180,000 cfs (5097 m3/s) and a one year
flow survey by the USGS in 2000-2001 recorded mean flood and ebb flows of approximately
150,000 cfs (4247 m3/s) (McCorquodale et al., 2007).
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1.2 Problem Statement
Lake Pontchartrain is connected to the Gulf of Mexico by two main passes: the Rigolets and the
Chef Menteur Pass. These passes allowed the storm surge created by Hurricane Katrina in 2005
to enter Lake Pontchartrain. This increase in water volume in Lake Pontchartrain in combination
with hurricane force winds shifting to northerly directions as the Hurricane passed New Orleans
to the east ultimately caused the levee failures and the devastating flooding throughout New
Orleans.
Since then a continuous discussion has erupted on wether these passes should be controlled by
building closure structures that would be used to keep storm surges out of Lake Pontchartrain,
hence reducing the pressure on levees in Lake Pontchartrain and minimizing the total length of
levees bordering the Gulf of Mexico in Southeast Louisiana.
However, the effects of flow constrictions in the already narrow passes are not fully researched.
One of the questions to be answered is if the added friction and increased turbulence caused
by the structures will have adverse effects on water levels and / or circulation patterns in Lake
Pontchartrain which could impact on the ecosystem of Lake Pontchartrain.
1.3 Objectives
The primary objective of this thesis is to assess the applicability of two dimensional shallowwater
wave numerical models for the simulation of the hydrodynamics of flow through constrictions in
tidal passes.
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1.4 Methodology
To test the applicability of such numerical models it was decided to build a small scale model
and to set up identical experiments in both the physical and the numerical model, and then to
apply these findings to a numerical model of one of the passes.
Hence, the methodology is as follows:
1. build a small scale physical model and test different configurations of flow constrictions
2. create numerical models with solution domains identical to the physical models and com-
pare the results of both experiments
3. calibrate and validate the numerical model
4. use the bathymetry of the Rigolets pass to create a numerical model and apply findings of
step 2
4
2 Literature Review
The Pontchartrain Basin has been the focus of many studies and hydrodynamic numerical mod-
eling efforts. While much of the studies conducted before Hurricane Katrina focused on issues
such as water quality, erosion, and effects of salinity changes this focus was expanded to include
research the system’s interaction with storm surges and ways to reduce the risk of flooding with-
out negatively impacting the water body’s eco-system. Some of these studies are reviewed in this
chapter as they pertain to the present research.
Furthermore, a short review of existing storm surge barriers is conducted in order to gain insight
on what solutions might be applicable in the Rigolets Pass and to gather information in regard to
structure dimensions that can be applied during development of a numerical model grid.
Lastly, a short review of the hydraulic theories and concepts of flow through constrictions is
provided.
2.1 Hydrodynamic 2- and 3-Dimensional Numerical
Models of the Pontchartrain Estuary
Haralampides (2000) used the 2-dimensional models RMA2 (Hydrodynamics) and RMA4 (Trans-
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port) to investigate salinity changes in the Pontchartrain Basin as a result of changing freshwater
contributions from tributaries or saltwater intrusion through channels and passes and to determine
the influence of external forces on flow circulation patterns in Lake Pontchartrain.
The RMA2/RMA4 modeling system was chosen because the water bodies to be modeled are
relatively shallow; Lake Pontchartrain has an average depth of only 10.8 ft (3.55 m). Therefore,
it can be assumed that the water column is well mixed in vertical direction, which makes 2-D
models generally applicable. Furthermore, the complex geometry of the system with 3 lakes
connected by several channels and passes favored a finite element model (Haralampides, 2000).
Lastly, the combination of a hydrodynamic and a transport model was exactly what was needed
for the proposed research.
After analyzing several flow scenarios, including the opening of the Bonnet Carre´ Spillway in
1997 and a storm surge entering the lake through the Rigolets Pass and the Mississippi River
Gulf Outlet (MRGO) the dominating forces controlling currents and salinity in the Pontchartrain
Basin were identified.
Under normal condition (average flow from tributaries and normal tides) Lake Borgne and the
east basin of Lake Pontchartrain are controlled by tidal forcing from the Gulf of Mexico. During
hide tide saline water moves into Lake Pontchartrain through the passes and the Inner Harbor
Navigation Channel (IHNC) and leaves the system during low tides.
In Lake Maurepas and large areas of Lake Pontchartrain wind is the dominant force. For most
wind directions and velocities a two gyre system develops in both lakes with currents moving
with the wind along the shoreline and a returning flow in opposite direction in the center. The
depth averaged longshore velocities are much higher than the midlake current, which are consid-
ered more representative of bottom currents.
6
Furthermore, Haralampides (2000) found that changes to the average magnitude of inflows have
significant impact on currents and salinity levels and can become the dominating force in the sys-
tem. During the spillway opening of 1997 the freshwater current from the Mississippi diversion
dominated the flow pattern in Lake Pontchartrain. Effects of wind shear and even tidal influ-
ence were significantly reduced during that time period. Similar results were generated during
modeling of heavy rainfall events with increased flow from the tributaries.
A study of fecal coliform loading entering Lake Pontchartrain through tributaries and stormwater
outlets and the near shore prediction of fecal coliform plumes was performed by Chilmakuri
(2005). To generate accurate boundary conditions for a near-field numerical model he developed
a 3-dimensional model of Lake Pontchartrain and the major tributaries and canals. Only the
lakewide model will be further reviewed in this section.
The numerical model selected for this task was the 3-dimensional finite volume hydrodynamic
and sediment transport model Estuarine, Coastal and Ocean Modeling System with Sediments
(ECOMSED). It uses orthogonal curvelinear cells horizontally and a sigma coordinate system
vertically. The basic modeling system can be expanded in functionality by adding separate mod-
ules as needed, such as wind induced wave generation, salinity transport, temperature, or tracers.
Such modular set up increases the flexibility of the software while minimizing use of resources.
The lakewide hydrodynamic model delivered results similar to those reported by Haralampides
(2000). A two gyre circulation developed with long-shore currents in the direction of wind forc-
ing and currents in the opposite direction in the center. However, when modeling the Spillway
opening in 1997 Chilmakuri (2005) determined that in order to accurately predict the propaga-
tion of the freshwater plume a variable wind field had to be applied. This is in disagreement with
the findings previously described (Haralampides, 2000).
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The wave module and the sediment transport module were successfully validated against previ-
ous numerical modeling results as well as field data. This inclusion of the wave module and the
availability of additional modules make this model suitable for a wider range of applications than
the system used by Haralampides (2000).
A recent report byMcCorquodale et al. (2007) investigated the changes in water surface elevation
in Lake Pontchartrain caused by modification of the tidal passes. The goal was to determine how
much flood control structures in the passes impact tidal ranges in Lake Pontchartrain and how
such impacts could be limited.
For this purpose, a 3-dimensional finite volume model called Finite-Volume Coastal Ocean
Model (FVCOM) was applied. Like Haralampides (2000) and Chilmakuri (2005), the authors
investigated multiple flow scenarios, including a Bonnet Carre´ Spillway opening and Hurricane
induced storm surges. They tested various combinations of channel / pass cross sections con-
necting Lake Pontchartrain to the Gulf of Mexico (Rigolets and Chef Menteur Passes, MRGO,
IHNC, and Intracoastal Water Way (ICWW)). Furthermore, the ECOMSED model was applied
to investigate near-field effects of such control structures on currents in the Rigolets and Chef
Menteur Passes. The ECOMSED Rigolets model was applied using two scenarios. The first sce-
nario was a flood tide with a flow rate of approximately 185,000 cfs (5238 m3/s), and the second
scenario assumed a storm surge with flows of 290,000 cfs (8212 m3/s).
An open width of the Rigolets Pass structure between approximately 800 ft and 1975 ft (244
m and 602 m) was tested and the with of the Chef Menteur pass was varied between 700 ft
and 1000 ft (213 and 305 m). The sill was assumed at 30 ft (9.1 m) below mean sea level. A
decommission of the navigable waterways was also investigated by modeling those channels as
blocked or shallow.
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After comparing all alternatives to the base model McCorquodale et al. (2007) came to the con-
clusion that in order to keep the decrease in tidal prism to less that 5 % the minimum open
width of the passes would need to be 1700 ft (518 m) for the Rigolets and 700 ft (213m) for
Chef Menteur, respectively. Shallow draft conditions in the navigation channels accounted for
approximately 3 % of this reduction. On the other hand, increases of high stage conditions in
Lake Pontchartrain caused by Spring flows from the tributaries or even a Bonnet Carre´ Spillway
opening would also be limited to less than 3 % of the normal increase.
The results of the ECOMSED model for the Rigolets showed that a flow of 290,000 cfs (8212
m3/s) generated a differential head loss of around 1.6 ft (50 cm) with maximum velocities of
around 4.9 to 6.5 ft/sec (1.5 to 2.0 m/s). Average tidal flow conditions generated approximately
0.82 ft (25 cm) of headloss and maximum velocities of 2.8 to 3.6 ft/sec (0.85 to 1.1 m/s).
A review of the scour potential of such a structure was conducted by using data gathered after
Hurricane Katrina in 2005. Multibeam images of the two passes showed significant scour around
bridge piers and channel bends. The calculated peak velocity in the Rigolets Pass during outflows
conditions was approximately 7 ft/sec (2.1 m/s), more than double the maximum tidal velocity.
Hence, any structure in the Rigolets has significant potential to increase scour. However, model-
ing results showed a nearly symmetrical velocity distribution around the structure, resulting in a
more symmetrical scour pattern than the observed asymmetrical and deep scour holes observed
after Hurricane Katrina.
2.2 Existing Storm Surge Barriers
The idea of blocking storm surges from progressing into highly developed and low lying areas
is not new. In particular after the North Sea flood of 1953 that devastated large areas in the
9
Netherlands and the United Kingdom measures were taken to ensure that such a disaster would
be unlikely to happen again. To achieve this goal a mix of engineering solutions were applied,
consisting of improvements to existing levees and construction of new levees to shorten the
coastline as well as storm surge barriers.
The purpose of storm surge barriers is to allow the normal daily interaction of flow, which might
be river discharge or tidal fluctuations, and lock out storm surges that otherwise would inundate
areas behind the barrier. The design of such structures is dependent on parameters like total
width and depth of the opening, maximum storm surge elevation above average levels to protect
against, and navigation requirements.
The approximate width of the Rigolets Pass varies between 1700 ft (520 m) and over 4900 ft
(1500 m). The channel width in locations where a storm surge barrier could be constructed is in
the range of 2200 to 2500 ft (680 to 760 m). There are very few examples of structures that have
been built to span such a wide opening. Two of the biggest barriers and the most famous are the
Thames Barrier in London and the Maeslant Barrier in Rotterdam, which will be discussed in
more detail in the following paragraphs. A barrier in the Hudson River to protect New York from
storm surges has repeatedly been discussed over the past decades, but there are no indications
that such a structure will be built in the near future Bowman et al. (2004).
The Thames Barrier
The Thames Barrier was completed in 1982 at Woolwich Reach, a short distance downstream
of downtown London. At this location the river is approximately 523 m wide. The Barrier
was constructed to protect London from the severe winter storm in the North Sea and the surge
they push into the mouth of the River Thames. It was designed to protect against storms with
10
Figure 2.1: Thames Barrier - Aerial View
a 100 year return period in the years 2030 to 2050, taking into account changes in seal level.
After 2030 it would still provide acceptable protection (The Suburban Emergency Management
Project, 2009).
Since the completion of the design in the early 1970’s the effects of global warming on mean sea
levels as well as storm frequency and severity have been evaluated in more detail and prognoses
have generally been corrected upward. However, a re-evaluation of the design has shown that
the barrier will still be able to effectively protect against 100 year storms throughout its design
life.
The Barrier consists of a total of 10 bays of which 6 are navigable (see Fig. 2.1). Four of those
are around 200 ft (61 m) wide and the other two are 100 ft (31.5 m) wide. The piers between the
4 main bays are 213 ft (65m) long and 36 ft (11 m) wide. The level of the top sill is 30 ft (9.25
m) below datum (Doyle, 2009; Environment Agency, 2009).
All navigable bays use rising sector gates with a semi-cylindrical shape as shown in Figure 2.2.
This design allows ship traffic without height restriction to pass when gates are in normal lowered
11
Figure 2.2: Thames Barrier - Sector Gate (from Doyle, 2009)
position. The barrier height when in closed position is 22.6 ft (6.9 m) above datum, which is 10.6
ft (3.25 m) higher than the mean high water level at that location.
From its first use in 1983 to 1990 the barrier was closed on average one to two times per year.
Since then, the average number of closures has increased to about 4 times per year.
In the past few years, experts have started a discussion whether an extended protection system
might be necessary to protect the greater London area from increased flood risk. This system
could include a 10 mile (5.2 km) long barrier in the Thames Estuary connecting to levees on
either side. A panel of scientist called Thames Estuary 2100, set up by the Environment Agency
is currently reviewing this option (Thames Estuary Partnership, 2009).
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The Maeslant Barrier
The Maeslant Barrier, also called the New Waterway Barrier, is located in the southwest of
the Netherlands. Its purpose is to protect Rotterdam and its port from flooding during storm
surges from winter storms on the North Sea. It is part of a larger protection system called the
Europoort Barrier, which includes another storm surge barrier called the Hartel Barrier and level
reinforcements in the tidal area (het Keringhuis, 2009). The Maeslant Barrier was designed to
protect against storms with a return interval of 1 in 10,000 years. However, due to the accelerated
increase in sealevel and other factors this number might soon have to be adjusted for the effects
of global warming.
After reviewing 6 design alternatives it was decided that the best design for this location would
be floating sector gates as shown in Figure 2.3. This design had several advantages as listed
below:
• Almost all of the structure (except the sill structure) can be built on land. This reduces
construction cost and interference with ship traffic.
• Doors are protected in abutment while open.
• Most of the structures, including the gates, are dry during normal operation. This facilitates
ease of inspection and maintenance.
• There are no obstructions in the shipping channel during normal operation.
The open width of the channel at the Barrier is approximately 1180 ft (360 m). The top of the
sill is located a 55.8 ft (17 m) below datum.Each of the sector gates is 690 ft (210 m) long and
72 ft (22m) high. A cross sectional view of the gates is shown in Figure 2.4. The steel trusses
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Figure 2.3: Maeslant Barrier - Sector Gates in closed Position (from Deltaworks Online Founda-
tion, 2009)
connecting the gates to the ball bearings are 777.5 ft (237 m) long and the bearing itself has a
diameter of 32.8 ft (10 m).
Control of the barrier is completely automated, including the decision process to close the gates.
A program called the Decision and Support System (BOS) constantly analyzes realtime and
historic weather data and generates water level predictions for Rotterdam and other areas. These
predictions are compared to the closure criteria and a decision is made wether or not to close the
gates. Once the decision was made to close the sector gates a second program takes over that is
called the NewWaterway Storm Surge Barrier Control System (BES). BES controls all processes
required to open and close the gates, e.g. opening and closing of dock gates, water levels in dock,
moving gates in and out of docks, and sinking and refloating of gates (het Keringhuis, 2009).
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Figure 2.4: Maeslant Barrier - Gate Cross Section (from Deltaworks Online Foundation, 2009)
The Maeslant Barrier will be closed once a storm surge of 9.8 ft (3 m) above normal sea level
is predicted for Rotterdam. It is expected that this will occur about every 10 years. If sea levels
continue to rise 50 years from now it might be necessary to close the barrier every 5 years.
15
2.3 Hydraulics of Flow through Constrictions
The governing hydraulic concepts applying to the experiments in this research are similar to
those of flows along flat plates and around cylindric objects.
When fluid flows along a flat plate as shown in Figure 2.5 the no-slip condition at the plate’s
surface states that the fluid velocity at that boundary must be zero. Shear forces near the boundary
slow down the flow relative to the boundary. Outside that narrow region near the plate’s boundary
the fluid velocity is unchanged from it’s initial value. Hence, in the region close to the boundary
there is a steep gradient in fluid velocity. This region is called the boundary layer. As the flow
moves along the plate the boundary layer grows in thickness with increasing distance from the
starting point (Streeter and Wylie, 1985).
For laminar flows and smooth boundaries the boundary layer flow is laminar as well. As the
boundary layer increases it becomes unstable and eventually becomes turbulent. Growth of the
boundary layer and the location of this transition are a function of the distance from the starting
point (see Fig. 2.5).
For straight boundaries with no change in pressure gradient between upstream and downstream
sections the boundary layer continues to grow in the downstream direction. Reductions in cross
sectional flow area increase velocity and reduce pressures downstream. In such conditions the
boundary layer tends to decrease in thickness. However, for adverse pressure gradients such as
flow passing through a constriction into a widening section of a channel or around cylindrical
shapes at the downstream side of the cylinder where velocities drop and pressures increase the
boundary layer thickens rapidly. The adverse pressure in combination with the boundary shear
reduce the momentum in the boundary layer and over a sufficiently long distance can reduce the
momentum to zero. This phenomenon is called flow separation. Downstream from the point of
16
separation the adverse pressure gradient causes the flow to change direction (backflow). This
area of backflow is called wake (see Fig. 2.6; Streeter and Wylie, 1985).
Another condition that might occur after flow passes through a sharp edged constriction is the
so called case of free turbulence, which occurs in absence of a solid boundary for example
when a jet of fluid spreads in the same or a different receiving fluid. In this research the jet
would be generated by the constriction where the receiving fluid is the fluid downstream of the
structure. The high velocity fluid in the constriction entrains the slower moving fluid in the
receiving area causing recirculation eddies to develop. If the strengths of the eddies on either
side of the constricted jet are not equal, a bistable condition can develop (Streeter and Wylie,
1985).
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3 Physical Model Testing
The purpose of the model testing was on one hand to determine how well the selected numerical
model would simulate the velocity field through a constriction of varying geometries by com-
paring numerical results to those of small scale physical experiments and on the other hand to
calibrate the numerical model input parameters for use in a large scale model run of the Rigolets
pass.
The small scale physical experiments were conducted at the Hydraulics Laboratory at the Uni-
versity of New Orleans. This is a multi purpose facility that can be used for a variety of scale
experiments. The main assets are a 100 ft (30 m) long recirculation flume and a below ground
sump with two return pumps that can distribute flow to different locations in the lab.
A small scale model suitable for the experiments required for this research was not readily avail-
able. It was therefore decided to design and build a model with funding from the Department of
Civil Engineering.
3.1 Small Scale Physical Model
The small scale physical model that was used during the model testing was designed and con-
structed to allow for a maximum range of experiments. It can be used for experiments with
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constant flow at varying velocities through the model as well as standing water at equilibrium
at the start of the experiment, i.e. to test interaction of fluids with different densities (Retana,
2008).
The entire model was constructed from plexiglass. The benefits of this material are that observa-
tions can be made not only from plan view but also from profile view. Furthermore, Plexiglass
is a material that if properly built can be easily sealed against leakage, provides an hydraulically
smooth surface and provides precise geometry.
The main purpose of this model is to validate the applicability of numerical models for certain
types of applications. Hence, even though the roughness coefficient of plexiglass is much lower
than that of natural streams or water bodies the Darcy friction factors are similar when scaling is
considered. The Froude Law requires similar Darcy friction factors in the model and prototype
to reproduce the relative friction losses under the model and prototype Reynolds Numbers. The
results of the small scale model are compared to results of numerical model runs that were set up
with roughness factors similar to those of plexiglass.
Even though the size of the physical model is such that it is referred to as ’small scale experiment’
throughout this document, a scale in its true definition was not applied during design. Since the
numerical model that will be used to compare results is of identical dimensions the scale is 1:1,
so that scale effects do not apply here.
3.1.1 Model Description
The model is rectangular in shape with a length of 14 ft (4.24 m) and a width of 2.2 ft (0.664 m)
(Figure 3.2). The maximum permissible water depth for closed basin experiments is around 6.3
20
Figure 3.1: Sharp crested Weir
in (16 cm), and for experiments with flow through the model the water depth is limited to around
5.1 (13 cm) by a sharp crested weir (see 3.1) at the discharge side.
At the end opposing the weir a header box can be installed for experiments with constant flow
through the model (Figure 3.3). The purpose of this box is to create a constant distribution of
flow across the entire width of the model and to reduce turbulence to a minimum. This header
box is approximately 7 in (17.5 cm) long and is filled with gravel. The downstream side of the
header box is a baffle wall made out of plexiglass topped with a 3/4 inch (1.9 cm) PVC pipe.
Following the box a set of three aluminum wire screens is installed. The set up of the header
box has been determined by empirical testing with the goal to achieve a maximum reduction in
turbulence while minimizing utilized space and creating nearly uniform lateral distribution of the
flow.
Constant flow through the model is accomplished by a set of three submersible pumps connected
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Figure 3.2: Small Scale Physical Model
to a manifold system that distributes the pumped flow evenly across the width of the model into
the header box. The manifold system is made out of schedule 40 PVC and shown in Figures 3.3
and 3.4 . One single submersible pump is connected directly to a 1/2 in (1.27 cm) distribution
manifold system and two identical 1/2 horsepower (0.37 kW) pumps with a maximum flow of 93
gpm (5.9 l/sec) manifold into the 3/4 in (1.9 cm) diameter distribution manifold. With this set-up
a total of four operational modes are possible with calculated flow rates between 31.6 gpm and
58.1 gpm (2 and 3.66 l/sec). Flows were calculated using the standard weir equation (Eq. 3.1)
and were verified by calculating flows using the measured velocities and water depths.
22
Q=Cd
2
3
√
2gBH3/2 (3.1)
with Q − Discharge (cfs)
Cd − Discharge coefficient (-)
B −Weir Width (ft)
H − Head (ft)
g − Acceleration of Gravity (ft/sec2)
Q= A∗V (3.2)
with A − Flow Area (ft2)
V − Velocity (measured) (ft/sec)
A= w∗h (3.3)
with w−Width of Model (ft)
h −Measured Water Surface (ft)
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Figure 3.3: Header Box
(a) Pump Manifold (b) Distribution Manifold
Figure 3.4: Model Piping
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All operational modes as well as measured water surface elevation and estimated flows are sum-
marized in Table 3.1.
Table 3.1: Pump Configurations and Flows
Number of Pumps Pump Type h (in) Flow (gpm)
1 Single 0.55 31.6
1 Duplex 0.63 38.6
2 Duplex 0.67 42.3
3 Single + Duplex 0.827 58.1
1 Pump Type single: Single pump on manifold
Pump Type duplex: One or Two Pumps on Manifold
3.1.2 Test Set-Up
To analyze the effects of constrictions in narrow channels on flows and to determine how changes
in the geometry of this constriction can influence the change in flow patterns, it was necessary to
test a range of geometries. Since an optimization of the geometry was not part of this research
it was decided to identify a worst case scenario and two improved geometries and to use those
geometries for physical as well as numerical testing.
The tests were performed with all pumps operating, providing a flow of around 58 gpm (3.66
l/sec). The duration of each test did not allow all experiments to be completed consecutively.
Hence, minor variations in test setups might have occurred, affecting flow rates and other model
properties. Some of these effects are discussed later in this chapter.
Geometries
A total of three geometries were tested during small scale testing. All geometries were placed
half way between header box and weir. This placement allows the approaching flow to further
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reduce turbulence while also providing sufficient distance downstream of the flow constrictions
to develop flow patterns caused by the structures. Furthermore, on either side of the constriction
there is sufficient space for flow monitoring.
The base set up consists of a vertical barrier perpendicular to the direction of flow with an open-
ing of approximately 1/3 (8.66 in; 22 cm) of the channel width in the center of the channel.
This is considered to be the worst case scenario, since there is no transition in cross section be-
tween channel and constriction as illustrated in Figure 3.5(a). This geometry will also be used
to calibrate the numerical model. The second geometry being tested consists of the previously
described vertical barrier with curved guide walls creating bell shaped openings around the con-
striction. These guide walls extend approximately 9.25 in (23.5 cm) upstream and downstream
of the constriction and open up to a width of around 15.16 in (38.5 cm) as shown in Figure 3.5(b)
.
Guide walls extending to the edge of the channel are tested in the last setup. The straight line
distance from the constriction to the extent of the guide wall is approximately 15.16 (38 cm)
as shown in Figure 3.5(c). The assumption behind this geometry is that the turbulence created
by the constriction is minimized by providing a smooth transition between all sections of cross
sectional flow area.
Measuring Devices
Flows around the structures are measured with two SonTek MicroADV Acoustic Doppler Ve-
locimeters (ADV) as shown in Figure 3.6. These units can record 3-dimensional velocity data
at a rate between 0.1 and 50 Hz at a resolution of 0.004 ips (0.01 cm/s) . The accuracy of
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Figure 3.5: Three Geometries to be tested
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(a) MicroADV Measurements (b) Micro ADV installed in channel
Figure 3.6: SonTek MicroADV
these devices is 1% of the measured velocity, according to manufacturer’s information. Five pre-
programmed velocity ranges between 0.099 and 8.2 ft/sec (3 and 250 cm/s) are available. The
sampling volume of 0.0055 in3 (0.09 cm3) is located 1.97 in (5 cm) below the probe.
Based on preliminary experiments a sampling rate of 5 Hz and a velocity range of 0.98 ft/sec
(30 cm/s) was selected for the present experiments. Temperature and salinity settings for the
ADVs were kept at 64.5 ◦ Fahrenheit (18 ◦ Celsius) and 0.2 ppt respectively throughout the
experiment.
In addition to flow measurements a visual analysis of flow patterns has been conducted using
digital camcorders and a dye to better distinguish patterns. This analysis was performed after
completion of the flow metering so that the introduction of the dye would not affect any ADV
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Figure 3.7: Sampling Locations
flow measurements.
Sampling Locations
The sampling locations for this experiment are shown in Figure 3.7. At each sampling location
two measurements were taken. This resulted in 58 sampling locations for scenarios 2 and 3 and
66 locations for scenario 1.
One probe was set up to record velocities approximately 2 in (5 cm) below the water surface,
limited by the requirement that the probe sensors be submerged and the sampling volume being
2 in (5 cm) below the probe. At a water depth of approximately 5.12 in (13 cm) the distance of
the sampling volume to the channel bottom is around 3 in (7.7 cm) as recorded by the ADV. The
second ADV recorded data just above the bottom with a distance of around 0.79 in (2 cm) from
sampling volume to channel bottom.
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3.2 Test Analysis and Results
The initial recording of flow data was performed using the SonTek MicroADV units in combi-
nation with SonTek’s proprietary software Horizon ADV. Post processing of the data was done
usingWinADV, aWindows-based viewing and post-processing utility for ADV files programmed
by Tony L. Wahl and provided by the U.S. Department of the Interior, Bureau of Reclamation
free of charge. The main advantages of this software are simplified data filtering and analysis and
the ability to batch process large quantities of data files. Detailed information and instructions
can be found in Wahl (2000, 2009).
At each sampling location data collection was performed for a minimum of 2 minutes and during
post-processing at each location a sample of exactly 600 readings was used to generate average
velocities. Even though the pump settings and, hence, valve settings and mean pump heads
were kept constant for the duration of experiments the model setup, in particular the header box
design, can induce local variations in flow quantities and velocities over time. Averaging flows
over a period of 2 minutes ensures that minor variations in velocity and flow direction did not
affect overall results.
The 600 samples were then filtered in order to eliminate bad samples. After empirical testing
of available filtering options provided by the WinADV software the only filter applied was a
two spike removal algorithm, originally developed by Derek Goring and Vladimir Nikora and
modified by TonyWahl (2009). The resulting number of samples used for further analysis was on
average above 93% in the surface layer and slightly below 90% in the bottom sampling layer.
Some of the parameters calculated by WinADV are average velocities for each of the three ve-
locity components, velocity magnitudes, root mean square of the turbulent velocity fluctuations
about the mean velocity, and sample covariances for all three velocity combinations. A summary
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of the WinADV output files is provided in Table 3.2, and the complete data files are provided in
Appendix A.
Furthermore, the turbulence intensity was calculated at each of the locations using the following
equations:
I =
u′
U
(3.4)
with I − Turbulence Intensity (-)
u′− Root-Mean-Square (RMS) of the Turbulent Velocity Fluctuations at a
particular Location over a specified Period of Time (cm/s)
U− Average of the Velocity at the same Location over same Time Period (cm/s)
where
u′ =
√
1
3
(u′2x +u′2y +u′2z (3.5)
and
U =
√
U2x +U2y +U2z (3.6)
The values of u′ and U for all three velocity components were computed by WinADV during
post processing. The entire data analysis process is shown in Figure 3.8.
Average velocities and flow directions are shown in Figure 3.10. The values are the magnitudes
of the averaged average velocity components of both layers in feet per second as opposed to the
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Figure 3.8: Data Processing
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average of the velocity magnitudes in each location. Black vectors show the direction of this
velocity magnitude. Blue vectors depict average velocities and directions in the bottom layer
while yellow vectors show the same for the top layer.
The open channel flow velocities in the section upstream of the constriction range from around
0.08 ft/sec to 0.14 ft/sec (2.44 to 4.27 cm/s). The predominant direction of flow in the center
of the channel is along the x-axis. On either side of the model, along the edge the surface and
bottom vectors do not correspond as well and the resulting averaged vector tends to point inward
in direction of the channel center. This is an indication that the flow is not evenly distributed
across the entire channel or that along the edges the flow is more turbulent than in the center.
Increased turbulence might be induced by the header box, in particular the three screens that
cause a sudden change in flow cross section through their frame along the bottom and sides.
Another observation that can be made is that the surface vectors in the model section upstream of
the constriction show a greater variation in direction and magnitude than the bottom layer vectors.
This can be attributed to a higher level of turbulence in the surface layers, or the other way around
the turbulence (and velocity) close to the bottom is lower, likely due to increased bottom friction.
The turbulence intensity (TI) values provided in Figure 3.9 confirm this observation. At almost
every location upstream of the constriction the TI is significantly greater in the surface layer.
Despite the difference in results between surface and bottom layer, the measured velocities of
both layers were averaged, because the limitations of the experimental setup, in particular the
combination of shallow water depth and the minimum distance of 2 in (5 cm) between water
surface and surface level velocity measurement do not allow an accurate analysis of the vertical
boundary layer of the water column throughout the model.
As the flow approaches the constriction the velocities in all three experiments significantly in-
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Figure 3.9: Turbulence Intensity for Scenario 1 - No Guide Walls
crease. Peak velocities through the constriction are in the range of 0.25 to 0.33 ft/sec (7.6 to
10 cm/s). The velocity gradient across the opening appears to be greatest for the experiment
without guide walls. The flow accelerates around the corners of the walls constricting the flow
to velocities of around 0.32 ft/sec (9.75 cm/s). However, the measured average velocity in the
center was only 0.25 ft/sec (7.6 cm/s).
The other two experiments exhibit a much different flow distribution upstream of and through
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Figure 3.10: ]
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the constriction. The guide walls in scenarios 2 and 3 provide a gradual reduction in cross
sectional flow area, which in turn starts increasing velocities further upstream of the constriction
as compared to Scenario 1. This results in a more uniform velocity distribution through the
constriction. The difference in velocity as well as the variation between neighboring measuring
point was much less for the experiments with guide walls.
Flow patterns downstream of the constriction for all three scenarios are shown in figures 3.11
and 3.12. Figure 3.11 shows the results of two experiments with the same geometry, but con-
ducted at different dates. In both experiments the stream that passed through the constriction
continues on with little expansion for up to 2 feet (61 cm). Velocity measurements (see Fig.
3.10) show that average velocities of up to 0.40 ft/sec (12.2 cm/s)are achieved approximately
1.25 ft (38 cm) downstream of the constriction. However, the direction of flow diverges between
both experiments, with flows attaching to either side of the model around 2.5 ft (76.2 cm) past
the constriction. This shows that although the model is symmetrical, small changes in the ex-
perimental distribution of input momentum can have significant impact on model outcome. A
similar phenomenon is called bi-stability in physics, where a system can have two points of min-
imum energy. The bi-stability of this experimental setup was also observed for the other two
scenarios.
Flow patterns downstream of the constriction for Scenarios 2 and 3 are very similar to the pre-
viously describe experiment. Despite gradual expansion of the cross sectional flow area in both
experiments the flow separates for the guide walls and starts flowing towards the side walls.
Measured velocities are at or below the levels measure in the constriction.
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(a) Scenario 1 - Experiment 1 (b) Scenario 1 - Experiment 2
Figure 3.11: Physical Experiments with no Guide Walls; the direction of flow is from right to left
and bottom to top respectively. The pictures show the progression of flow across the
constriction (picture on top is first sequence)
38
(a) Scenario 2 (b) Scenario 3
Figure 3.12: Physical Experiments with no Guide Walls; the direction of flow is from right to left
and bottom to top respectively. The pictures show the progression of flow across the
constriction (picture on top is first sequence)
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4 Numerical Model
4.1 Model Selection
As part of this research only the Rigolets Pass will be used in the numerical model application,
hence, the model domain is limited in size. However, one of the goals is to determine if large
scale models can appropriately produce results for local small scale structures. Therefore, a finite
element model was favored that can be applied to complex geometries. Haralampides (2000)
stated that generally, the water column in the Pontchartrain Basin can be assumed vertically
mixed. This makes 2-dimensionally depth averaged model applicable.
Ultimately, the RMA2 model developed for the US Army Corps of Engineers in combination
with a pre- and post-processor. This software suite provides a complete modeling system and
easy to use data input, mesh generation, and data display functionality.
4.2 Model Description
RMA2 is a two-dimensional depth averaged finite element hydrodynamic numerical model. The
model was developed for the Army Corps of Engineers in 1973 (King, 1990) and has been
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continuously improved and expanded into its current version 4.5 (Donnell et al., 2006). After
being provided free of charge in the beginning the source code for RMA2 is not open source
anymore. Typically, it is being distributed as part of the TABS suite of modeling software and the
Surface-Water Modeling System (SMS), a commercial software package that contains numerical
modeling software as well as pre- and post processing tools (Environmental Modeling Systems,
Inc., 2009). The TABS modeling system is presently used by the Army Corps of Engineers for
much of their coastal hydrodynamic modeling requirements.
RMA2 solves the Reynolds averaged from of the Navier-Stokes equation for conservation of
mass and momentum to calculate the free water surface and depth averaged horizontal velocities
for subcritical, free-surface flows of incompressible fluids. The equations account for friction
losses, eddy viscosity, Coriolis forces and surface wind stresses (Donnell et al., 2006). These
equations are referred to as the shallow wave equations. The general governing equations are:
The continuity equation:
∂h
∂ t
+h
(
∂u
∂x
+
∂v
∂y
)
+u
∂h
∂x
+ v
∂h
∂y
= 0 (4.1)
The conservation of momentum equations:
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+hu
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+gh
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+
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)2 (u2+ v2)1/2−ζV 2a cosψ−2hvsinφ = 0 (4.2)
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with u,v − x and y Velocity Components (ft/sec)
x,y, t − Cartesian Coordinates and Time (ft, sec)
h −Water Depth (ft)
ρ − Density of Fluid (slugs/ft3)
E − Eddy viscosity coefficient (lb f -sec/ft2)
− for xx = Normal Direction on x-Axis
− for yy = Normal Direction on y-Axis
− for xy and yx = Shear Directions
a − Bottom Elevation (ft)
n −Manning’s Roughness n-Value (-)
c′ − Conversion from SI to U.S. Units ( c′ = 1 for SI Units, c′ = 1.486 for U.S)
ζ − Empirical Wind Shear Coefficient (-)
Va −Wind Speed (ft/sec)
ψ −Wind Direction (◦)
ω − Rate of Earth’s Angular Rotation (rad/sec)
φ − Local Latitude (◦)
RMA2 can be applied to steady as well as unsteady problems. Friction can be calculated with
either the Manning’s or the Chezy equation. The model accepts U.S. or SI units, selectable
through a setting in the run control file (SMS currently does not support this option). It uses an
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unstructured grid that can accept 2-dimensional triangular and quadrilateral elements as well as
1-dimensional flow control structure elements such as pumps, storm drains, or culverts. RMA2
can be set to compute wetting and drying and can account for Marsh Porosity, which is a special
form of the wetting and drying routine that provides a gradual change of the status for each
element, hence, increasing model stability, in particular in large and flat areas such as marshes. A
wide range of boundary conditions can be applied, including wind forcing by element or material
type. Since RMA2 is a depth averaged model it is most useful for solving far-field problems in
relatively shallow water where stratification of the water column is negligible.
4.3 Model Development
As previously described, the numerical model that has been selected for this study is RMA2. It
is being applied through the Surface-Water Modeling System (SMS) user interface version 9.2.
While RMA2 can also be used as a stand alone command line application, SMS increases ease
of use by providing a graphical front end that includes a grid generator with import function, a
menu based run and control file creation, and a model check functionality. SMS can also be used
to visualize the output and export data to various file formats. One of the shortcomings of SMS
is that not all available RMA2 configuration options can be set though the user interface, so that
a manual adjustment of the files created through SMS might become necessary.
4.3.1 Grid Generation
For the purpose of testing and calibrating the numerical model, test geometries were developed
that match the dimensions of the previously described physical model. The area around the con-
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Figure 4.1: Numerical Model Grid - Scenario 1
striction was matched one to one, while the total length of the numerical grid was reduced. In
the physical model the length of the channel was set by the dimensions of the model. The con-
striction was centered between upstream and downstream boundaries to reduce the influence of
imperfections along the structures on the overall results to a minimum. In the numerical model
these structures are being replaced by numerical boundary conditions. These boundary condi-
tions force constant distributions of flow and water surface elevation along the entire width of the
channel. Hence, the total length of the grid could be reduced without affecting the similitude.
The total length of the base model is approximately 8.66 ft (264 cm), and the width is 2.2 ft (66.4
cm). The constriction is located in the center with an opening width of around 8.66 in (22 cm).
The grid was created by defining the x and y coordinates of the corner nodes in tabulated format
and importing them into SMS. The grid generating functionality was then used to triangulate
the imported nodes and to refine elements as needed. Refinement in SMS describes the process
of splitting elements into smaller units in order to increase the density of computational nodes.
In particular the elements around the edges and up- and downstream of the constriction were
refined. The preliminary grid that was used to calibrate the numerical model can be seen in
Figure 4.1. It corresponds to the physical model described as scenario 1 (No Guide Walls) and
shown in Figures 3.5(a) and 3.11.
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The element size varies from around 2.16 in (5.5 cm; short side of the triangle) in the center of the
channel to approximately 0.52 in (1.332 cm) in areas of high resolution. Roughness was assigned
globally for all elements with a Manning’s n value 0.009, which is the n for plexiglass.
Since RMA2 is a depth averaged numerical model, one property of the physical model that
cannot be accurately modeled is the side wall friction. In order to maintain similitude of volume
between physical and numerical model the bottom must be maintained at a constant elevation.
Hence, steeply sloped elements around the edges are not an acceptable work-around. Instead,
the increased additional friction along the side walls was accounted for by increasing the bottom
friction of the elements closest to the edge (Coastal and Hydraulics Laboratory, 2009). Empirical
testing of varying roughness values around the edge of the model was performed, and as a result,
a Manning’s n value of 0.02 was established for all such elements. This was implemented in
RMA2 by establishing 2 material types; the ’Bottom’ type as the standard material type with a
roughness of 0.009 and the ’Edge’ type with a roughness of 0.012 (see Figure 4.1).
However, overall modeling results did not yield significant changes in velocity magnitudes and
distribution even for higher roughness values around the edge, which indicates that the sensitivity
of the model toward changes in equivalent side wall friction is limited. In particular larger scale
models such as the one described in the next chapter should not be affected by the lack of side
wall friction losses.
Based on the geometry shown in Figure 4.1 two more grids were developed as shown in Figures
4.2 and 4.3. Both grids are representations of scenarios 2 and 3 of the physical experiments
(Figures 3.5(b) and 3.5(c)). To create these shapes in SMS, the x and y coordinates of the
endpoints of the structures were identified and drawing objects were created that followed the
outline of the structures. The drawing objects were then converted to scatter points and merged
with the grid from scenario 1. In a last step the triangles around the structures were adjusted to
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Figure 4.2: Numerical Model Grid - Scenario 2
Figure 4.3: Numerical Model Grid - Scenario 3
eliminate long triangles and triangles and nodes that would be located outside of the modeling
domain.
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4.3.2 Model Calibration
Calibration of the numerical was performed using the data described in the previous chapter and
shown in Figure 3.10(a). The calibration was separated into two steps:
1. Define boundary conditions, and from given starting values modify the flow distribution to
match velocities in front of the constriction as well as peak velocities through the constric-
tion.
2. Match the distribution of velocities across the width of the channel in front of the structure.
3. Adjust eddy viscosity and roughness parameters to match flow patterns.
The boundary conditions for all three scenarios are identical. At the downstream end of the
model a constant water surface elevation of 0.485 ft (14.8 cm) is set as discharge boundary,
which matches the water surface of the constant flow experiments upstream of the weir. At the
other end a specified flow rate across the width of the channel is defined as the inflow boundary.
The starting value for this boundary is equal to the maximum flow rate from Table 3.1, which is
58.1 gpm (3.66 l/s).
One particularity that must be addressed in the context of model calibration is a setting in the
RMA2 control file in regard to the definition of the density of the fluid to be used. If no density is
defined RMA2 generally assumes the density of fresh water for its calculations at (if not specified
otherwise) 59 ◦ F (15 ◦ C). However, this setting did not provide acceptable results; preliminary
runs without defined density resulted in an unrealistic water surface differential across the con-
striction of more than 6 in (15 cm). After enabling the density definition in SMS and using the
preset value, model results appeared to match those of the physical model. However, the preset
value is 1000 slugs/ft3 (515 kg/l), according to the input menu. In general, RMA2 uses U.S.
units for all computations, which is also the case for the present model. When 1.936 slugs/ft3
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(1 kg/l) is used an unrealistic hydraulic grade line results. After running multiple tests it was
determined that there seems to be a problem in the RMA2 code, possibly a truncation error in the
computation of momentum. This error is negligible when using large cells, but becomes larger
as cells get smaller. The increase in density compensates that error, so that acceptable results can
be generated. A more detailed analysis of this problem is provided in Chapter 6. For all small
scale numerical models the fluid density was set to 1000 slugs/ft3 (515 kg/l).
The initial calibration run with the above mentioned setting resulted in peak velocities of more
than 0.45 ft/sec (13.7 cm/s). Velocities of such magnitude were not observed during the physical
experiments, which provided peak velocities of around 0.40 ft/sec (12.2 cm/s; see Fig. 3.10(a)).
Hence, the flow was incrementally reduced, and at a flow rate of 50 gpm (3.15 l/s) an acceptable
correlation of physical and numerical results was achieved. The difference in flow rate between
physical and numerical model can be caused by differences in roughness factors or small devia-
tions during manual measurement of the water surface at the weir.
Figure 4.4 shows the results of the calibration run. The numbers display the velocities of the
numerical model at the sampling locations of the physical model. Also shown are velocity vectors
and contours. The peak velocity of around 0.40 ft/sec (12.2 cm/s) for this geometry is generated a
short distance downstream of the constriction. When compared to Figure 3.10(a) one can observe
that the maximum velocity in the physical experiment occurs slightly further downstream of the
constriction.
In this run of the numerical model calibration the velocity of the approaching flow is evenly
distributed across the width of the model at approximately 0.10 ft/sec (3 cm/s). Despite the
efforts to distribute flow in the physical experiment as described in the previous chapter such
uniform distribution was not achieved. Along the edges average velocities were noticeably lower
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Figure 4.4: Velocities of Initial Calibration at Sampling Locations (ft/sec)
than in the center (see Fig. 3.10(a)). Hence, to compare numerical and physical modeling results,
the calibration process must include an adjustment to the distribution of the approaching flow.
After numerous tests with varying geometries and changes to the inflow boundary condition it
was determined that the best way to induce an asymmetrically distributed flow is to create ob-
structions between the inflow boundary and the constriction as shown in Figure 4.5. At both sides
of the channel grid elements totaling 1 in (2.66 cm) were removed to force the flow away from
the edge, reducing the velocities along the edges downstream. Furthermore, individual triangles
were removed as needed to create a velocity distribution similar to that in Figure 3.10(a).
Another input parameter that had to be adjusted was the horizontal diffusivity or eddy viscosity.
Unlike other numerical models, RMA2 uses dynamic viscosity, which has the units lb-sec/ft2
rather than kinematic viscosity, the more commonly used parameter with units of ft2/sec. Con-
version between the two terms can be achieved by dividing the dynamic viscosity by the fluid
density, which is approximately 1.936 slugs/ft3, and 1 slug being 1 lb f -s2/ft. As a rough estimate,
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Figure 4.5: Asymmetrical Obstructions in Numerical Grid - shown is the Grid Section between
Inflow Boundary and Constriction (red circles highlight obstructions in numerical
grid)
in US units the kinematic viscosity is around 1/2 of the dynamic viscosity.
RMA2 offers 3 alternative methods to calculate eddy viscosity:
• Direct Assignment
• Automatic Assignment By Peclet Number
• Automatic Assignment By Smagorinsky Coefficient
Model testing with the small scale grid showed that the automatic assignment methods did not
provide stable results for this steady state application. It was therefore determined that the best
approach would be to use the direct assignment method in which a turbulent exchange coefficient
E is assigned to every material type. Representative ranges of E are shown in Table 4.1
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Table 4.1: Representative Ranges of Turbulent Exchange Coefficients (from Donnell et al., 2006)
Type of Problem E [lb-sec/ft2]
Homogenous horizontal flow around an island 10-100
Homogenous horizontal flow at a confluence 25-100
Steady-State flow for thermal discharge to a slow moving river 20-1000
Tidal flow in a marshy estuary 50-200
Slow flow through a shallow pond 0.2-1.0
With all other input parameters as described above a sensitivity analysis was performed for E-
values between 5 and 20 lb-sec/ft2 (239.5 and 957.6 Pa-s). Based on the results of this analysis a
coefficient of 9 lb-sec/ft2 (431 Pa-s) was selected for the small scale application.
The resulting velocity distribution is shown in Figure 4.6. The measured average velocities
from the physical experiment were added to this figure to facilitate comparison of values. The
physical data show significant fluctuations at some locations, which is attributed to turbulence
generated in the header box. This is confirmed by the turbulence intensity data in Figure 3.9.
Locations of high turbulence intensity also show significant changes in average velocity and
direction. Areas of low turbulence intensity generally agree well with the computed numerical
values. Approximately 7.87 in (20 cm) upstream of the constriction the numerical and physical
data correlation is very high.
Due to the fact that the experimental results contain considerable levels of turbulence, a statisti-
cal analysis of calibration results to determine the correlation does not seem practical. Instead,
a qualitative visual approach was applied as described above where only areas of low turbu-
lence were compared. The results shown in Figure 4.6 were determined to be a good fit; the
modifications to the model grid were also applied to the other two scenarios.
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Figure 4.6: Results of Calibration with Asymmetrical Velocity Distribution
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4.4 Comparison of Numerical and Physical Modeling
Results
The process described in the previous paragraphs used data between header box / inflow bound-
ary and constriction to calibrate the numerical model. In this paragraph the results between the
constriction and the downstream end are compared to evaluate how well the numerical model
predicts flow patterns and distribution.
Figure 4.6 shows that even though the approaching flow is asymmetrically distributed ahead of
the constriction the flow downstream of the structure is almost symmetrical along the centerline
of the channel. In the physical experiment for scenario 1 the flow passing through the constriction
continues on with high velocities until it attaches to one of the side walls. Average peak velocities
as much as 0.32 ft/sec (9.75 cm/s) were measured over 2.2 ft (around 70 cm) downstream of
the constriction. The numerical model also predicts a stream of high velocity, but it does not
continue as far downstream. Velocities above 0.30 ft/sec (9.15 cm/s) were only recorded up to
approximately 1.6 ft (50 cm) past the constriction. After that, velocities dissipate evenly across
the width of the channel. At 2.3 ft (70 cm) peak velocities are reduced to around 0.24 ft/sec (7.31
cm/s), recorded in the center of the channel. Velocity profiles for three cross section locations
are shown in Figure 4.9.
The physical model generates large eddies on either side of the high velocity stream, with the
eddy on the side of flow attachment being significantly shorter than the other (Fig. 4.7). The
numerical model was able to reproduce the eddies on both sides of the construction. Figure 4.8
shows that just like in the physical experiments one eddy is larger than the other. However, the
unbalanced distribution of the approaching flow in the numerical model did not result in as much
of the asymmetrical behavior seen in the physical experiments.
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(a) Sequence A (b) Sequence B
Figure 4.7: Eddies visualized with Dye in Physical Experiment - Scenario 1; The Direction of
Flow is from right to left. The Pictures show the Development of Flow in the Eddies
(Sequence A was captured before Sequence B)
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Figure 4.8: Streamtraces visualizing the Eddies in the Numerical Model - Scenario 1
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Figure 4.9: Velocity Profiles for 3 Cross Sections downstream of Constriction - Scenario 1; Black
Lines show modeled Velocity Magnitudes; Green dots show recorded averaged Ve-
locity Magnitudes; Blue Error Bars show Range between Top and Bottom Velocities.
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When comparing the physical and numerical results for scenario 2 one can observe similar pat-
terns. The flow in the physical model separates from the guide walls and continues at high
velocities toward the edge of the channel, creating large eddies on both sides. In Figure 4.10 the
location of flow separation is shown. While the flow remains attached to the right guide wall
almost to the end of the wall it separates from the left side immediately after passing through
the constriction. As discussed before, the direction of the separated flow is highly dependent on
conditions in the header box. In subsequent experiments the flow separated from the right guide
wall (looking downstream) and remained attached to the left wall.
The flow in the numerical model does not separate from either of the guide walls. It expands
until it reaches the end of the guide walls and continues this process until it reaches the edges.
Velocities above 0.30 ft/sec (9.15 cm/s) are sustained only to a distance of approximately 15 cm
while in the physical experiment such values are recorded well beyond 1.3 ft (40 cm; see velocity
profiles in Fig. 4.12) . The eddies being created in the numerical model are mostly limited to the
ineffective flow area behind the guide walls and have the same size on both sides (see Fig. 4.11).
Due to the separating flow the extent of the eddies in the physical model is very different. On the
flow attachment side the eddy is similar in size to the ones in the numerical solution, but on the
opposite side it is much larger.
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(a) Sequence A (b) Sequence B
Figure 4.10: Eddies visualized with Dye in Physical Experiment - Scenario 2; The Direction of
Flow is from Bottom to Top. The Pictures show the Development of Flow in the
Eddies (Sequence A was captured before Sequence B)
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Figure 4.11: Streamtraces visualizing the Eddies in the Numerical Model - Scenario 2
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Figure 4.12: Velocity Profiles for 3 Cross Sections downstream of Constriction - Scenario 2;
Black Lines show modeled Velocity Magnitudes; Green dots show recorded aver-
aged Velocity Magnitudes; Blue Error Bars show Range between Top and Bottom
Velocities.
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Scenario 3 is shown in Figures 4.13 and 4.14. Interestingly, the flow does not attach to one guide
wall as observed in scenario 2. Instead, it separates from both walls shortly after passing the
constriction (between 3.9 and 5.9 in / 10 and 15 cm) and then continues to flow toward one of
the side walls. After separating from the walls, the flow development is similar to that shown in
scenario 2; a high velocity flow continues downstream and attaches to the side, creating eddies on
either side. Peak velocities of 0.30 ft/sec (9.15) can be observed even 26 in (66 cm) downstream
of the structure.
The flow through the constriction in scenario 3 is almost identical to that in scenario 2 except
that the approaching and expanding flow is slightly more uniform. However, scenario 3 does not
generate flow separation eddies along the constriction walls. The flow expands to the full width
of the channel without separating from the wall. This is consistent with the assumptions that the
model geometries were based on. The purpose of the guide walls was to transition the width of
the opening to avoid flow separation and its negative effects on energy dissipation. This desired
performance of the guide walls was observed in the physical experiments only on a very limited
scale. Figure 4.15 compares the velocity distribution of the physical and the numerical model.
While peak velocities in both experiments are similar approximately 7 in (18 cm) behind the
constriction they significantly diverge as the flow moves towards the downstream sections.
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(a) Sequence A (b) Sequence B
Figure 4.13: Eddies visualized with Dye in Physical Experiment - Scenario 3; The Direction of
Flow is from right to left. The Pictures show the Development of Flow in the Eddies
(Sequence A was captured before Sequence B)
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Figure 4.14: Streamtraces visualizing the Flow Expansion in the Numerical Model - Scenario 3
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Figure 4.15: Velocity Profiles for 3 Cross Sections downstream of Constriction - Scenario 3;
Black Lines show modeled Velocity Magnitudes; Green dots show recorded aver-
aged Velocity Magnitudes; Blue Error Bars show Range between Top and Bottom
Velocities.
61
Since the calibrated model was not able to replicate the results of the physical model another set
of geometries was developed in order to determine if it is possible to generate numerical results
downstream of the constriction that are similar to those of the physical model. For this purpose,
a second set of obstructions as shown in Figure 4.16 was added to the geometry. As before,
scenario 1 was used as the base geometry. The goal for these model runs was to create asymmet-
rically distributed flow behind the constriction and as a result development of disproportionate
eddies on either side.
In Figure 4.17 numerical results for scenario 1 (no guide walls) are shown. The additional ob-
structions created a field of low velocity on one side, and increased peak velocities on the other
side. The high velocity flow field extends further downstream than in the previously calibrated
model run shown in Figure 4.6 and distinct areas of flow separation develop as seen in the phys-
ical experiments. In this model run, the eddy on the flow attachment side is significantly smaller
than the one on the opposite side. This behavior is very similar to what has been observed in the
physical model (see Fig. 4.7).
The results of these model runs for scenarios 2 and 3 are shown in Figures 4.18 and 4.19. Despite
the difference in distribution of the approaching flow as compared to the calibrated model runs
the results downstream of the constriction are almost identical. The increased asymmetry of the
approaching flow did not translate into flow variations of the expanding flow. Figures 4.20 and
4.21 provide velocity profiles for scenarios 2 and 3.One can observe that peak velocities dissipate
much faster in the numerical model than in the physical experiment.
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Figure 4.16: Asymmetrical Obstructions in Numerical Grid for Alternative Model Runs
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Figure 4.17: Numerical Model Run with forced Asymmetry - Scenario 1
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Figure 4.18: Numerical Model Run with forced Asymmetry - Scenario 2
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Figure 4.19: Numerical Model Run with forced Asymmetry - Scenario 3
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Figure 4.20: Velocity Profiles for 3 Cross Sections downstream of Constriction - Scenario 2
(Forced Asymmetry); Black Lines show modeled Velocity Magnitudes; Green dots
show recorded averaged VelocityMagnitudes; Blue Error Bars show Range between
Top and Bottom Velocities.
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Figure 4.21: Velocity Profiles for 3 Cross Sections downstream of Constriction - Scenario 3
(Forced Asymmetry); Black Lines show modeled Velocity Magnitudes; Green dots
show recorded averaged VelocityMagnitudes; Blue Error Bars show Range between
Top and Bottom Velocities.
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5 Numerical Model Application
5.1 Study Area
The Rigolets Pass connecting Lake Pontchartrain and Lake Borgne was selected as the study area
where the previously described 2-dimensional model will be applied. This pass is approximately
9 miles (14.5 km) long and on average 26 ft (8 m) deep. After Hurricane Katrina, scour holes
in some of the bends and around bridges were measured to be well over 100ft (30 m) deep
(McCorquodale et al., 2007). The average cross sectional area is approximately 80,800 ft2 (7500
m2). An aerial view of the Rigolets Pass is shown in Figure 1.1.
5.2 Grid Development
The raw data used to develop the numerical grid was a side scan sonar survey of the Rigolets Pass
conducted after Hurricane Katrina. The raw data point density was extremely high, so a process
was required to reduce the number of data points while maintaining an acceptable accuracy.
Since the data described a 3-dimensional surface it was decided to develop a process using the
Geographical Information System (GIS) ArcGIS in combination with FME, a software tool that
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can process and transform geospatial data. An overview of available features and formats is
available at http://downloads.safe.com/fme/brochures/FME Desktop.pdf.
The reason behind developing a data processing tool rather than for example using the available
data import function of SMS and skipping a defined number of data point in order to reduce the
number of points is that XYZ data files do not maintain a spatially oriented order of points. This
means that by skipping points while importing the data file not the point density of a defined area
is reduced, instead random points in the surveyed area eliminated, regardless of their location. It
is difficult to determine the vertical error that might be introduced by this process.
5.2.1 Grid Generation
As a first step the complete data set (> 3,000,000 points) was read and sorted by the x-coordinate.
It is then divided into groups of 100,000 points, creating slices in east-west direction. Each
group is then processed subsequently, in order to reduce the computer hardware requirements
and accelerate the processing.
XYZ coordinates are triangulated, creating a continuous 3-dimensional surface. This surface
still has the original data points as the triangle vertices. In the next step the data point density is
being reduced. The surface is being scanned for any points that are within a previously defined
tolerance of 0.5 ft (15 cm). This means that the surface being created uses just enough data points
to maintain an accuracy of 0.5 ft (15 cm) when compared to the surface generated by the input
features.
In a next step the data point density is further reduced by repeating the above described process,
but this time the entire mesh is processed in one step. Furthermore, the triangulated surface is
checked for triangles with an edge length of greater than 500 ft (153 m). For any edge > 500
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Figure 5.1: The Rigolets Pass - Bathymetry (Units on Figure are in ft in relation to State Plane
South Louisiana Coordinate System)
ft a data point is inserted at the center and the surface is re-triangulated. A diagram of the FME
Model for this step is shown in Appendix B.
The resulting bathymetric surface is shown in Figure 5.1. The vertical variation of this surface
compared to the higher resolution surface is shown in Figure 5.2. The largest discrepancies are
shown around the edges, which is likely a problem in the elevation calculation of the boundary
nodes for the variation estimation. In the main cross section of the Pass the average differential
is less than 0.5 ft (15 cm).
After completing pre-processing in GIS, the discrete data points were exported into an XYZ
file and loaded into the SMS grid generator where the points were triangulated again into a 3-
dimensional surface. Furthermore, thin triangles were identified and eliminated and the ’optimize
triangulation’ function was used to smooths cell transition. The final grid that was used for the
calibration of the numerical model is shown in Figure 5.3 (a larger plot of this grid is provided
in Appendix C).
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Figure 5.2: The Rigolets Pass - Vertical Variation form Survey Data as a Result of Data Reduction
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Figure 5.3: Triangulated Grid of the Rigolets used for Model Calibration
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5.2.2 Model Calibration
Calibration of the numerical model for the Rigolets Pass was achieved by comparing model re-
sults with available field data as well as other numerical modeling results as described in Chapter
2, in particular the results described in McCorquodale et al. (2007)and Retana (2008). The cali-
brated small scale numerical model data could not be used because of the problems encountered
during calibration of that model.
Since the model domain consists only of the Rigolets Pass it was decided to run the RMA2model
in steady state and applying selected constant flows at the boundaries. For each flow scenario 2
runs were set up; one with the flow boundary on the eastern edge to simulate tides entering Lake
Pontchartrain and the other using the western edge to simulate tides leaving Lake Pontchartrain.
Model runs and boundary conditions are shown in Table 5.1.
Table 5.1: Model Runs to Calibrate RMA2
Model Run
Eastern Boundary Western Boundary
Flow [1000 cfs] WS Elevation [ft] Flow [1000 cfs] WS Elevation [ft]
1 180 0.25
2 290 1.00
3 0.25 180
4 1.00 290
As suggested by Haralampides (2000) the roughness factor was set to a Manning’s n of 0.02
for the entire grid. However, preliminary runs with flows of 290,000 cfs (8212 m3/s) showed
that the differential headloss across the length of the pass was much less than the 50 cm (1.6 ft)
described by McCorquodale et al. (2007). Incrementally, the roughness was increased to a value
of n=0.025, which delivered a headloss differential of just under 1.6 ft (50 cm, see Fig. 5.4).
Reducing the flow to 180,000 cfs (5097 m3/s) produced a water surface differential of around
0.65 ft (18.3 cm), compared to the value of 0.82 ft (25 cm) described by (McCorquodale et al.,
2007). Table 5.2 summarizes the calibration results for all flow scenarios.
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Table 5.2: Summary of Calibration Results for RMA2 Rigolets Model
Model Run Flow [1000 cfs] Flow Direction Differential Head [ft] Vmax [ft/s]
1 290 E to W 1.45 4.55
2 290 W to E 1.55 4.6
3 180 E to W 0.64 2.94
4 180 W to E 0.67 2.96
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Figure 5.4: The Rigolets - Water Surface Elevations for Existing Geometry and Q=290,000 cfs
The velocity field is shown in Figure 5.5. The peak velocities for flood and ebb tide are in the
range of 4.5 to 4.6 ft/sec (1.35 - 1.4 m/s). They are on average 12 to 20 % smaller when compared
to peak velocities between 4.9 and 6.56 ft/sec (1.5 - 2.0 m/s) as described by McCorquodale
et al. (2007). This was to be expected, because McCorquodale et al. (2007) used a 3-dimensional
model and provided surface velocities whereas the values shown in Figure 5.5 and Table 5.2 are
depth averaged velocities. Observations of the relationship between surface velocities and depth
averaged velocities have shown that the depth averaged velocity is approximately 85 % of the
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Figure 5.5: The Rigolets - Velocities for Existing Geometry and Q=290,000 cfs
surface velocity (US Army Corps of Engineers, 1994). Hence, when adjusted to either surface or
depth averaged velocities the results shown in Table 5.2 and described by McCorquodale et al.
(2007) match well.
As before, the traditional eddy viscosity calculation method was used for the numerical modeling
of the Rigolets. Values of E ranging from 15 to 100 lb-sec/ft2 (718 to 4788 Pa-s) were tested, but
the model / grid combination showed little sensitivity towards changes in E. An initial value of
20 lb-sec/ft2 (957.6 Pa-s) was used for preliminary calibration. However, subsequent model runs
simulating a constriction in the pass failed due to instabilities. Hence, a value of E = 40 lb-sec/ft2
(1915 Pa-s) was used for final calibration runs.
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5.3 Test Set-Up
The meandering of the Rigolets Pass in combination with channels connecting it to nearby water
bodies limit the possible locations for installation of a flood control structure. The area shown in
Figure 5.6 was selected because of its narrow width and the fairly straight geometry. Also shown
is the bathymetry in that part of the pass. A deep section of approximately 50 ft below datum is
located near the northern bank while the southern bank is much shallower. Hence, a sill elevation
of -30 ft (-9.15 m) as presented by McCorquodale et al. (2007) is also used for this application.
The width of the sill plate was set to 100 ft (30.5 m) and the approaches on either side slope at a
ratio of 4:1. To maintain a sill elevation of -30 ft over a length of around 1700 ft (518 m) the pass
had to be deepened on the southern bank. The bathymetry with included sill structure is shown
in Figure 5.7.
This numerical grid was the basis for all grids that were developed to test varying constrictions
of the channel widths. A total of 3 structures were tested with constricted widths of between
7.5 and 31 % of the total open width at that location. A reduction of open width by 7.5 % was
achieved by eliminating elements on either side of the Pass as shown in Figure 5.8. There are no
obstructions for the entire width of 1675 ft (510 m). To achieve a 20 % reduction in open width
a simplified control structure was assumed with a total of 7 bays and 6 piers. The piers have a
width of 12.5 ft (3.8 m) and a length of 37.5 ft (11.5 m). There are 3 main bays with a width of
300 ft (92 m) that cover the deep sections of the pass and 4 smaller bays with a width of 137.5 ft
(42 m) in the shallower section. The model with a 31 % reduction in width is a slight variation
of the previous model where the northernmost bay was reduced to a width of 250 ft (76 m) and
the southernmost bay is now 75 ft (23 m) wide.
The flow rate used to test the structures was 290,000 cfs (8212 m3/s). This kind of flow can be
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Figure 5.7: The Rigolets Pass - Bathymetry with Sill Structure
expected during Spring flow conditions with a possible opening of the Bonnet Carre´ Spillway, but
also during a combination of tides and storm surge flows. Table 5.3 lists all geometry dimensions
and model runs and Figure 5.8 provides detailed views of the tested structures.
Table 5.3: Model Runs to test Constrictions in the Rigolets
Model Total Open Open Width at Reduction Boundary Conditions
Run Width [ft] Structure [ft] [%] Flow [1000 cfs] WS Elevation [ft]
1 1800 1800* 0 290 1
2,3 1800 1675 7.5 290 1
4,5 1800 1500 20 290 1
6,7 1800 1375 30.9 290 1
*no lateral constriction
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Figure 5.8: Modeled Structures in the Rigolets
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Figure 5.9: The Rigolets - Velocities (ft/sec) for Sill Structure at -30 ft and Q=290,000 cfs
5.4 Test Results
The results of the initial model run testing the bathymetry with only the sill structure in place
are shown in Figure 5.9. There are two localized areas of high velocity , one at the eastern
boundary and the other on the inside of the sharp bend close to the western boundary (see Fig.
5.10). Velocities in these two locations are unrealistic and are ignored during all further analyses.
They are likely a result of deficiencies in the model gird. However, the location of these two
instabilities is far away from the area of interest and does not affect modeling results around the
flow control structure.
Velocities across the sill vary greatly across its width. While there is no significant change
in velocity in the shallow areas of the pass, the flow is accelerated greatly where the bottom
elevation increases from approximately -54 ft (16.5 m) to the sill elevation of -30 ft (9.15 m).
Peak velocities in those locations are around 7 ft/sec (2.14 m/s) compared to around 4.4 ft/sec
in the calibrated model. The water surface differential across the sill is <0.25 in (0.64 cm) and
across the length of the Pass is increased from 1.45 ft (44 cm) in the calibrated model to 1.46 ft
(45 cm). A summary of results for this and all other model runs is provided in Table 5.4.
An observation that can be made in all numerical model runs is that there is a difference in peak
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Figure 5.10: The Rigolets - Modeling Instabilities at Boundaries for Q=290,000 cfs (Velocities
in ft/sec)
velocities and water surface differential between flood tide and ebb tide. Ebb tide flows (flow
direction fromwest to east) generally produce slightly higher peak velocities and head losses than
flood tides. This difference was also observed by McCorquodale et al. (2007) who attributed it
mainly to in-channel geometry and sequencing of channel meanders and the resulting fractional
friction losses.
Structure with 1675 ft Open Width
A reduction of the open channel width by 7.5 % does not have a great impact of the water
surface differential along the Rigolets pass or the velocity distribution and magnitude across the
sill. Figure 5.11 shows water surface differentials for flood and ebb tide and Figure 5.12 provides
profile plots of velocity and water surface at four locations across the structure. Peak velocities
remain at 7 ft/sec (2.14 m/s) and the water surface differential is around 1.48 ft (45.1 cm). This
structure does not produce eddies downstream of the constriction.
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Table 5.4: Summary of Numerical Model Runs - Rigolets
Model Open Width at Flow Flow Headloss at Headloss Peak Velocity at
Run 1 Structure [ft] Scenario [1000 cfs] Structure [ft] Total [ft] Structure [ft/sec]
A 1800 E to W 180 - 0.64 2.8
B 1800 W to E 180 - 0.67 2.9
C 1800 E to W 290 - 1.45 4.4
D 1800 W to E 290 - 1.55 4.6
1 18002 E to W 290 < 0.02 1.46 7
2 1675 E to W 290 0.04 1.49 7
3 1675 W to E 290 0.04 1.55 7.5
4 1500 E to W 290 0.21 1.65 8
5 1500 W to E 290 0.24 1.71 8.3
6 1375 E to W 290 0.26 1.74 8.7
7 1375 W to E 290 0.3 1.8 9
1 Alphabetic Numbers identify Calibration Runs (no Sill and no lateral Constriction)
2 Sill only, no lateral Constriction
X
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606000
608000
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(a) Flood Tide (ft)
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Figure 5.11: The Rigolets - WS Elevations for 1675 ft wide Structure and Q=290,000 cfs
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Structure with 1500 ft Open Width
The velocity distribution of the model run simulating a flood control structure with a clear open-
ing of 1500 ft (457.2 m) is shown in Figure 5.13. Implementation of pier structures in the channel
and the reduction in cross sectional flow area increased peak velocities to 7.9 ft/sec (2.41 m/s)
in one of the three larger bays. As stated before, the main cause for the high velocities at that
location is the sill (see Tab. 5.4). The piers just amplify this effect. Fields of increased velocity
now extend well beyond the sill, interrupted by areas of low velocity in the shadow of the piers.
As before, velocities in the ebb flow simulation are higher than those of flood flow conditions.
Eddies are developing on either side of the Pass and for both flow directions. The eddies on the
northern edge are approximately 300 ft (91.5 m) long and the ones on the southern edge extend
around 200 ft (61 m) downstream. There are no eddies developing downstream of the piers.
However, this is likely due to insufficient grid resolution in those locations.
The water surface differential across the structure increased significantly to approximately 0.23
ft (7 cm), increasing the head loss for the length of the Pass to 1.65 ft (50.3 cm) for flood tide
and 1.71 ft (52.1 cm) for ebb tide.
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Figure 5.13: The Rigolets - Velocity Profiles (ft/sec) and Streamtraces for 1500 ft wide Structure
and Q=290,000 cfs (Streamtraces identify direction of flow)
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Structure with 1375 ft Open Width
A further reduction of the open width to 1375 ft (419 m) as shown in Figure 5.8(c) further
increases headlosses and velocities. The total headloss for the Rigolets pass is now between 1.74
(53 cm) and 1.8 ft (54.9 cm), depending on direction of flow. Across the structure the water
surface differential is almost 0.3 ft (9.15 cm). Peak velocities are well over 8.5 ft/sec (2.59 m/s)
and the velocity pattern downstream of the structure with high velocities in the bays and low
velocities in the shadow of the piers is a lot more distinct.
The eddies on both sides of the pass have increased in size and now extend between 400 and
1000 ft (122 - 305 m) downstream of the structure.
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Figure 5.14: The Rigolets - Velocity Profiles (ft/sec) and Streamtraces for 1375 ft wide Structure
and Q=290,000 cfs (Streamtraces identify direction of flow)
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6 Discussion
6.1 Small Scale Physical Model
An analysis of the ADV data in Chapter 3 showed that there was still a significant amount of
turbulence left in the fluid after exiting the header box. Despite this fact the effectiveness of the
header box to reduce turbulence is considered acceptable. Using structure to reduce turbulence
is only effective to a certain degree, because the structures themselves induce turbulence. While
there might be options to slightly improve the design of the box for future experiments the limit-
ing factors for reducing turbulence are the overall model dimensions. Hence, the best alternative
to further reduce turbulence would be to increase the distance between header box and the lo-
cation of the structure, either by moving the structure closer to the downstream boundary or by
extending the model.
The results of the small scale model provide useful information for the assessment of flow control
structures in the Pontchartrain Basin. When combining the data from the physical model with
the modeling results shown in Chapter 5 a few conclusions stand out:
The bi-stability observed in the physical model that caused the separated stream downstream
of the constriction to attach to one side of the model is something that could also occur in the
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Rigolets Pass. The meandering and unevenly distributed bottom elevations create asymmetri-
cally distributed velocity profiles that can vary significantly depending on the direction of flow.
However, in the Rigolets it would be more likely that depending on the direction of flow a certain
bank would be favored, thus, increasing velocities locally and potentially eroding that bank.
Furthermore, the effect of guide walls as a way to control flow expansion and to reduce turbu-
lence and flow separation downstream of the structures was very limited in the physical appli-
cation. For most experiments the flow separated on one or both sides of the guide walls almost
immediately downstream of the constriction.
The small scale numerical model was not able to reproduce the flow separation for scenarios 2
(guide walls extending half way to the edges) and 3 (guide walls extending from edge to edge).
Instead, they produced evenly distributed flows downstream of the constrictions that hugged the
guide walls.
A flood control structure in the Rigolets would likely consist of bays and piers as described in
McCorquodale et al. (2007). In this case the piers could act as deflectors that prevent or limit
flow attachment to a particular bank. However, it should be noted that numerical models might
not capture all turbulent processes.
6.2 RMA2 Small Scale Model
While calibrating the small scale numerical model in RMA2 it was observed that if all input
parameters were provided with correct magnitudes and units the modeling results would be un-
realistic. Checking manual density input box in the SMS user interface and using the pre set
value seemed to correct this issue and provide acceptable results. At first it was thought to be a
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Figure 6.1: Numerical Model Grid to Evaluate Numerical Error in RMA2 for small Grids
problem in the user interface that required the input of parameters with mixed units (SI units for
density and U.S. units for everything else). However, further investigation of the run files showed
that a uniform unit system was used, and that only unreasonably high densities of around 1000
slugs/ft3 (515 kg/l) would yield the expected results.
It appears that there is an error in the computation of momentum that is negligible for large cell
sizes but increased with decreasing cell sizes. This error might be introduced by rounding or
truncation. Further investigation of what the exact cause might be would require a review of the
source code of RMA2 which is not in the public domain anymore.
In case of the small scale numerical model the cell size varied between 0.52 and 2.16 in (2 and
5 cm). Further testing was performed to determine the magnitude of the error that might be
introduced and to determine a minimum ’safe’ cell size.
For this purpose the model shown in Figure 6.1 was set up. The model has the same scale and
dimensions as the numerical model described in Chapter 4. The only change was an increase of
the open width in the center from approximately 8.6 in to 17.3 in ( 22 cm to 44 cm). Table 6.1
shows the model runs that were evaluated:
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Table 6.1: Model Runs to test RMA2 Error for small Grids
Model Run
Density δ Model Scale Factor Boundary Conditions
[slugs/ft3] [-] Flow [cfs] WS Elevation [ft]
1 default (1.936) 1 0.111 0.485
2 500 1 0.111 0.485
3 1000 1 0.111 0.485
4 default (1.936) 10 11.1 4.85
5 default (1.936) 20 44.4 9.7
Runs 1, 2, and 3 were used to determine what density value would be required to deliver ac-
ceptable results in settings such as the one described in Chapter 4. Run 1 is the base run that
delivers unacceptable results. In Figure 6.2(a) the resulting water surface differentials between
the upstream and downstream boundaries are plotted against the water density parameter on a
log-log scale graph. One can see that there is an exponential relationship between density and
water surface differential.
The analysis of runs 1, 4, and 5 is shown in Figure 6.2(b). Since the units in each of the model
runs have different orders of magnitude they were normalized ([WS Upstream - WS Down-
stream]/[WS Downstream]) , thus creating a unitless water surface differential. As before, the
results are plotted on a log-log graph. Again, the resulting straight line indicates an exponential
relationship between cell size and computational error.
As a result, it is suggested that the cell size for numerical modeling in RMA2 is a minimum
of 1 m (3.3 ft) or larger to avoid introducing computational errors. For most applications of
RMA2 this constraint has not been an issue, because the long computation times for large grids
prevented the use of high resolution input data.
Furthermore, the results shown in Table 6.2 confirm that the assumption of δ = 1000 slugs/ft3
(515 kg/l) was appropriate to use for the small scale modeling. This increased density has the
same effect as an increase in cell size by a factor of 20.
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Table 6.2: Results of Model Runs to test RMA2 Error for small Grids
Model Run
Cell Size Water Surface
[cm] Upstream [ft] Downstream [ft] Differential [-]
1 2 - 5 0.648 0.485 0.336082
2 2 - 5 0.4858 0.485 0.001649
3 2 - 5 0.4855 0.485 0.001031
4 20 - 50 4.869 4.85 0.003918
5 40 - 100 9.7099 9.7 0.001021
(a) Effect of Density (b) Effect of Scale
Figure 6.2: WS Elevations as a Function of Density or Scale in a small RMA2 Grid
6.3 RMA2 Large Scale Model of the Rigolets
Numerical modeling of constrictions in the Rigolets helps to determine hydraulic feasibility of
varying structure designs. The model runs described in Chapter 5 show that small changes in the
open width of the pass can have great effects on the hydraulics.
Two issues - although closely related - must be evaluated in more detail: headlosses in the Rigo-
lets Pass and peak velocities around the structure. Velocities are a function of flow (Q) and area
(A). For the location that was tested in Chapter 5 the sill elevation seemed to be just as significant
as the open width. The sill structure alone increased the velocity in the deep sections of the pass
from around 4.5 ft/sec to 7 ft/sec (1.37 to 2.13 m/s). Although this local increase in velocity
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did not result in a significant increase in headloss across the length of the pass it increased the
erosion potential of the stream at that location if the high velocity stream reaches the banks on
either side. The introduction of piers into the cross section and the resulting reduction in flow
area further increased this velocity to over 8.5 ft/sec (2.59 m/s) and contributed to a significant
increase in headloss across the structure. In addition, the piers introduce turbulence that can lead
to erosion of the channel bed downstream.
Limiting the available water depth of the Pass at the location of the flow control structure to
around 30 ft (9.15 m) below datum reduces the available cross section by approximately 28 %.
Decreasing the open width to 1675, 1500, and 1375 ft (510, 457, and 419 m) would result in a
total reduction of the flow area by approximately 37, 53, and 67 % respectively.
High velocities and large eddies as seen in the results for constrictions of 1500 ft (457 m) and
smaller would carry a high potential for increased erosion around the structure. since the goal
of the structure would be to protect the Pontchartrain Basin from storm surges and reduce the
continuing erosion this would be not acceptable. Revetment of the channel sides and bottom
would be possible, but it would increase the price of any structure significantly.
As an alternative, limiting negative effects of a permanent flood control structure in the Rigolets
could be achieved by accommodating varying sill elevations that provide for a greater flow area
to remain available, hence, reducing the velocity head through the structure. For the location de-
scribed in Chapter 5 this could mean to lower the sill in the deep section of the pass to elevations
between -40 and -50 ft (-12.19 and -15.25 m). The downside of this approach would be that the
gate construction would have to be significantly taller.
An option to be considered would be to move the location of the structure to a shallower part of
the Pass, such as the one shown in Figure 6.3. The advantages of such a location would be lower
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Figure 6.3: Alternative Location for Flood Control Structure in the Rigolets
velocities, a more evenly distributed velocity profile, and less velocity head over the sill. The
disadvantage would be the increased width of the Pass at that location, which would require a
much longer flood control structure and the increased distance from Lake Borgne, which would
allow storm surges to penetrate further into the Pontchartrain Basin.
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7 Conclusions and Recommendations
Based on the research conducted in this study the following conclusions and recommendations
can be made:
• There appears to be an error in the RMA2 code possibly a truncation or rounding issue
in the calculation of momentum that is negligible when the grid resolution is large, but
that increases exponentially when cells get small. As a result, it is recommended that cells
should be at least 3 ft (1m) or larger to avoid introducing numerical errors.
• Physical experiments have show that bistable flow can develop downstream from a con-
striction; this asymmetrically distributed flow may attack one of the banks and cause ero-
sion problems in a prototype situation.
• The numerical model of the small scale physical model was able to reproduce this bistable
behavior for the abrupt constriction by not very well for the constriction with the training
walls.
• In particular the meanders and asymmetrical cross sections of the Rigolets with diurnal
change in the direction of flow make it difficult to simulate basin wide and local effects of
structures using numerical models. Physical models would likely be needed to validate the
numerical models.
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• Numerical models analyzing structures in the Rigolets have shown that reductions in cross
sectional flow area have significant impacts on the total differential head across the Rigolets
and on local peak velocities. The reduction of cross sectional area from the sill structure
alone had little impact on headloss, but significantly increased peak velocities. Once piers
were introduced into the flow a steep increase in headloss occurred.
• Any structure being built must reduce the loss of cross sectional area to a minimum. From
a hydraulic perspective it might be beneficial to place such a structure in a wider section
of the Pass where bottom elevations are more uniform and velocities are generally lower
rather than trying to minimize the total length of such a structure.
96
References
Bowman, M.J., Colle, B., Flood, R., Hillv, D., Wilson, R.E., Buonaiuto, F., Cheng, P., and Zheng,
Y. 2004. Hydrologic Feasibility of Storm Surge Barriers to protect the Metropolitan New York
New Jersey Region. New York City Department of Environmental Protection, New York.
Chilmakuri, C.S. 2005. Sediment and Pathogen Modeling in Lake Pontchartrain. Ph.D. thesis,
University of New Orleans.
Coastal and Hydraulics Laboratory. 2009. RMA2 Frequently Asked Questions. U.S. Army, En-
gineering Research and Development Center Waterways Experiments Station, URL: http:
//chl.erdc.usace.army.mil/chl.aspx?p=s&a=ARTICLES!369 (accessed March 8, 2009).
Deltaworks Online Foundation. 2009. DeltaWorks Online. URL: http://www.deltaworks.org (ac-
cessed March 8, 2009).
Donnell, B., Joseph V. Letter, J., McAnally, W.H., et al. 2006. Users Guide to RMA2 WES Ver-
sion 4.5. U.S. Army, Engineering Research and Development Center Waterways Experiments
Station, URL: http://chl.wes.army.mil/software/tabs/docs.htp (accessed March 8, 2009).
Doyle, R. 2009. Thames Barrier- Facts and Figures. URL: http://www.floodlondon.com/tb.htm
(accessed March 8, 2009).
Environment Agency. 2009. The Thames Barrier. URL: http://www.environment-agency.gov.uk/
homeandleisure/floods/38353.aspx (accessed March 8, 2009).
Environmental Modeling Systems, Inc. 2009. SMS Webpage. URL: http://www.
environment-agency.gov.uk/homeandleisure/floods/38353.aspx (accessed March 8, 2009).
Haralampides, K. 2000. A Study of the Hydrodynamics and Salinity Regimes of the Lake
Pontchartrain System. Ph.D. thesis, University of New Orleans.
het Keringhuis. 2009. Information centre about the Maeslantkering and about water manage-
ment in the province of Zuid-Holland. Rijkswaterstaat, Province of Zuid-Holland and Delfland
Water Board, URL: http://www.keringhuis.nl/engels/home noflash.html (accessed March 8,
2009).
King, I.P. 1990. Program Documentation - RMA2 - A Two Dimensional Finite Element Model
for Flow in Estuaries and Streams. Resource Management Associates, Lafayette.
97
McCorquodale, J.A., Georgiou, I., Retana, A.G., Barbe, D., and Guillot, M.J. 2007. Hydrody-
namic Modeling of the Tidal Prism in the Pontchartrain Basin. University of New Orleans,
New Orleans.
Retana, A.G. 2008. Salinity Transport in a Finite-Volume Sigma-Layer Threedimensional Model.
Ph.D. thesis, University of New Orleans.
Streeter, V.L. and Wylie, E.B. 1985. Fluid Mechanics. McGraw-Hill, New York, 8. edition.
Thames Estuary Partnership. 2009. ThamesWeb - Flood Defence. URL: http://www.thamesweb.
com/topic.php?topic name=Flood%20Defence (accessed March 8, 2009).
The Suburban Emergency Management Project. 2009. ”Thames Barrier”: How the British
Defend London Against Massive Flooding. URL: http://chl.erdc.usace.army.mil/chl.aspx?p=
s&a=ARTICLES!369 (accessed March 8, 2009), biot report no. 315 edition.
US Army Corps of Engineers. 1994. Hydraulic Design of Flood Control Channels. Engineer
Manual No. 1110-2-1601, Department of the Army, Washington, D.C.
Wahl, T.L. 2000. Analyzing ADV Data Using WinADV. In 2000 Joint Conference on Water Re-
sources Engineering and Water Resources Planning & Management, U.S. Department of the
Interior, Bureau of Reclamation, URL: http://www.usbr.gov/pmts/hydraulics lab/pubs/pap/
PAP-0840.pdf, accessed January 31, 2009.
Wahl, T.L. 2009. Win ADV User Manual. U.S. Department of the Interior, Bureau of Recla-
mation, URL: http://www.usbr.gov/pmts/hydraulics lab/twahl/winadv/ (accessed January 31,
2009).
98
A WinADV Data Files
A.1 Top Layer
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Processed by: WinADV32 - Version 2.025
SampleVelocity Velocity BoundarySampling Sample
File X Y Rate Range Scaling ProbeDistance Window Time Span Span
050908_0001 -13 -12 5 30 cm/s Raw data 0 7.7294 Samples 1-600 0.1-119.9 1-600
050908_0002 -13 -1 5 30 cm/s Raw data 0 7.7294 Samples 1-600 0.1-119.9 1-600
050908_0003 -13 -4 5 30 cm/s Raw data 0 7.7294 Samples 1-600 0.1-119.9 1-600
050908_0004 -13 -6.5 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0005 -13 -9 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0006 -8 -1 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0007 -8 -4 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0008 -8 -6.5 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0009 -8 -9 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0010 -8 -12 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0011 -4 -9 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0012 -4 -6.5 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0013 -4 -4 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0015 0 -5 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0016 0 -6.5 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0017 0 -8 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0018 4 -9 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0019 4 -6.5 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0020 4 -4 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0021 8 -1 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0022 8 -4 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0023 8 -6.5 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0024 8 -9 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0025 8 -12 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0026 13 -12 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0027 13 -9 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0028 13 -6.5 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0029 13 -4 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
050908_0030 13 -1 5 30 cm/s Raw data 0 7.9243 Samples 1-600 0.1-119.9 1-600
052308_0001 -13 -1 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0002 -13 -4 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0003 -13 -6.5 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0004 -13 -9 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0005 -13 -12 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0006 -8 -12 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0007 -8 -9 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0008 -8 -6.5 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0009 -8 -4 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0010 -8 -1 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0011 -4 -4 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0012 -4 -6.5 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0013 -4 -9 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0014 -1 -9 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0015 -1 -4 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0016 0 -5 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0017 0 -6.5 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0018 0 -8 5 30 cm/s Raw data 0 7.7867 Samples 1-600 0.1-119.9 1-600
052308_0019 1 -9 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0020 1 -4 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
Part 1 of 10
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SampleVelocity Velocity BoundarySampling Sample
File X Y Rate Range Scaling ProbeDistance Window Time Span Span
052308_0021 4 -4 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0022 4 -6.5 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0023 4 -9 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0024 8 -12 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0025 8 -9 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0026 8 -6.5 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0027 8 -4 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0028 8 -1 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0029 13 -1 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0030 13 -4 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0031 13 -6.5 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0032 13 -9 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
052308_0033 13 -12 5 30 cm/s Raw data 0 7.5141 Samples 1-600 0.1-119.9 1-600
061308_0001 -13 -1 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0002 -13 -4 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0003 -13 -6.5 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0004 -13 -9 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0005 -13 -12 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0006 -8 -12 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0007 -8 -9 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0008 -8 -6.5 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0009 -8 -4 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0010 -8 -1 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0011 -4 -4 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0012 -4 -6.5 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0013 -4 -9 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0014 0 -8 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0015 0 -6.5 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0016 0 -5 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0017 4 -4 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0018 4 -6.5 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0019 4 -9 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0020 8 -12 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0021 8 -9 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0022 8 -6.5 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0023 8 -4 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0024 8 -1 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0025 13 -1 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0026 13 -4 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0027 13 -6.5 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0028 13 -9 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
061308_0029 13 -12 5 30 cm/s Raw data 0 7.4908 Samples 1-600 0.1-119.9 1-600
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050908_0001
050908_0002
050908_0003
050908_0004
050908_0005
050908_0006
050908_0007
050908_0008
050908_0009
050908_0010
050908_0011
050908_0012
050908_0013
050908_0015
050908_0016
050908_0017
050908_0018
050908_0019
050908_0020
050908_0021
050908_0022
050908_0023
050908_0024
050908_0025
050908_0026
050908_0027
050908_0028
050908_0029
050908_0030
052308_0001
052308_0002
052308_0003
052308_0004
052308_0005
052308_0006
052308_0007
052308_0008
052308_0009
052308_0010
052308_0011
052308_0012
052308_0013
052308_0014
052308_0015
052308_0016
052308_0017
052308_0018
052308_0019
052308_0020
No. of Number WinADV Avg Avg
Samples Good %Good Filter Units Vx Vy
600 573 95.5 Phase space threshold despiking cm/s,cm -3.461 1.097
600 574 95.67 Phase space threshold despiking cm/s,cm 2.3637 -2.615
600 528 88 Phase space threshold despiking cm/s,cm 3.3831 -0.189
600 507 84.5 Phase space threshold despiking cm/s,cm 3.5144 0.603
600 553 92.17 Phase space threshold despiking cm/s,cm 3.698 -1.301
600 557 92.83 Phase space threshold despiking cm/s,cm 3.2309 -0.633
600 422 70.33 Phase space threshold despiking cm/s,cm 3.8284 -0.279
600 509 84.83 Phase space threshold despiking cm/s,cm 5.1727 0.172
600 554 92.33 Phase space threshold despiking cm/s,cm 2.9852 -0.113
600 575 95.83 Phase space threshold despiking cm/s,cm 3.0205 1.982
600 555 92.5 Phase space threshold despiking cm/s,cm 7.0101 0.682
600 565 94.17 Phase space threshold despiking cm/s,cm 2.9684 3.204
600 562 93.67 Phase space threshold despiking cm/s,cm 5.9248 -1.304
600 575 95.83 Phase space threshold despiking cm/s,cm 10.497 1.795
600 569 94.83 Phase space threshold despiking cm/s,cm 9.0996 0.513
600 578 96.33 Phase space threshold despiking cm/s,cm 8.4894 0.645
600 556 92.67 Phase space threshold despiking cm/s,cm -0.102 -2.493
600 569 94.83 Phase space threshold despiking cm/s,cm 9.8375 0.645
600 557 92.83 Phase space threshold despiking cm/s,cm 7.9697 1.462
600 555 92.5 Phase space threshold despiking cm/s,cm -4.446 1.362
600 548 91.33 Phase space threshold despiking cm/s,cm 8.7338 3.503
600 574 95.67 Phase space threshold despiking cm/s,cm 8.8153 1.997
600 566 94.33 Phase space threshold despiking cm/s,cm 2.2508 -0.823
600 528 88 Phase space threshold despiking cm/s,cm 0.1163 0.603
600 552 92 Phase space threshold despiking cm/s,cm -0.339 -0.846
600 571 95.17 Phase space threshold despiking cm/s,cm 0.9198 0.154
600 561 93.5 Phase space threshold despiking cm/s,cm 3.1173 1.312
600 557 92.83 Phase space threshold despiking cm/s,cm 9.5549 1.524
600 567 94.5 Phase space threshold despiking cm/s,cm -3.246 -2.112
600 555 92.5 Phase space threshold despiking cm/s,cm 3.8076 -2.25
600 543 90.5 Phase space threshold despiking cm/s,cm 2.1929 0.494
600 566 94.33 Phase space threshold despiking cm/s,cm 3.2685 1.173
600 566 94.33 Phase space threshold despiking cm/s,cm 5.3171 -1.813
600 573 95.5 Phase space threshold despiking cm/s,cm 3.5458 -1.059
600 563 93.83 Phase space threshold despiking cm/s,cm 2.2305 0.038
600 571 95.17 Phase space threshold despiking cm/s,cm 1.1808 3.973
600 577 96.17 Phase space threshold despiking cm/s,cm 4.234 0.083
600 582 97 Phase space threshold despiking cm/s,cm -2.489 0.33
600 570 95 Phase space threshold despiking cm/s,cm 4.1665 -1.989
600 566 94.33 Phase space threshold despiking cm/s,cm 2.8105 2.641
600 566 94.33 Phase space threshold despiking cm/s,cm 4.6464 -0.26
600 565 94.17 Phase space threshold despiking cm/s,cm 4.3766 -1.383
600 590 98.33 Phase space threshold despiking cm/s,cm 7.4504 -0.334
600 560 93.33 Phase space threshold despiking cm/s,cm 2.8851 -1.326
600 575 95.83 Phase space threshold despiking cm/s,cm 9.3865 -0.587
600 576 96 Phase space threshold despiking cm/s,cm 6.0721 0.541
600 544 90.67 Phase space threshold despiking cm/s,cm 9.935 2.319
600 559 93.17 Phase space threshold despiking cm/s,cm 1.6214 1.943
600 568 94.67 Phase space threshold despiking cm/s,cm 1.4707 -1.566
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052308_0021
052308_0022
052308_0023
052308_0024
052308_0025
052308_0026
052308_0027
052308_0028
052308_0029
052308_0030
052308_0031
052308_0032
052308_0033
061308_0001
061308_0002
061308_0003
061308_0004
061308_0005
061308_0006
061308_0007
061308_0008
061308_0009
061308_0010
061308_0011
061308_0012
061308_0013
061308_0014
061308_0015
061308_0016
061308_0017
061308_0018
061308_0019
061308_0020
061308_0021
061308_0022
061308_0023
061308_0024
061308_0025
061308_0026
061308_0027
061308_0028
061308_0029
No. of Number WinADV Avg Avg
Samples Good %Good Filter Units Vx Vy
600 580 96.67 Phase space threshold despiking cm/s,cm -0.196 0.599
600 579 96.5 Phase space threshold despiking cm/s,cm 10.195 2.169
600 549 91.5 Phase space threshold despiking cm/s,cm -0.825 0.324
600 573 95.5 Phase space threshold despiking cm/s,cm -1.593 0.833
600 571 95.17 Phase space threshold despiking cm/s,cm 4.4399 -0.135
600 562 93.67 Phase space threshold despiking cm/s,cm 12.344 -0.52
600 574 95.67 Phase space threshold despiking cm/s,cm -0.787 -2.363
600 572 95.33 Phase space threshold despiking cm/s,cm -1.796 0.06
600 577 96.17 Phase space threshold despiking cm/s,cm -5.891 0.752
600 559 93.17 Phase space threshold despiking cm/s,cm -0.208 -0.612
600 588 98 Phase space threshold despiking cm/s,cm 6.0178 -0.855
600 580 96.67 Phase space threshold despiking cm/s,cm 9.0915 -4.419
600 567 94.5 Phase space threshold despiking cm/s,cm -0.194 -3.126
600 572 95.33 Phase space threshold despiking cm/s,cm 1.6955 0.559
600 572 95.33 Phase space threshold despiking cm/s,cm 3.0007 0.146
600 578 96.33 Phase space threshold despiking cm/s,cm 5.0284 -2.81
600 578 96.33 Phase space threshold despiking cm/s,cm 4.1539 1.017
600 546 91 Phase space threshold despiking cm/s,cm 2.7638 -0.133
600 553 92.17 Phase space threshold despiking cm/s,cm 1.2251 3.208
600 561 93.5 Phase space threshold despiking cm/s,cm 2.0538 1.136
600 574 95.67 Phase space threshold despiking cm/s,cm 3.828 -0.431
600 565 94.17 Phase space threshold despiking cm/s,cm 5.0988 -0.4
600 572 95.33 Phase space threshold despiking cm/s,cm 2.202 1.467
600 559 93.17 Phase space threshold despiking cm/s,cm 7.2416 -1.56
600 565 94.17 Phase space threshold despiking cm/s,cm 4.1086 -0.403
600 553 92.17 Phase space threshold despiking cm/s,cm 3.6596 1.153
600 568 94.67 Phase space threshold despiking cm/s,cm 7.5603 0.596
600 570 95 Phase space threshold despiking cm/s,cm 8.8995 0.5
600 566 94.33 Phase space threshold despiking cm/s,cm 9.5332 1.178
600 581 96.83 Phase space threshold despiking cm/s,cm 8.1009 -1.177
600 553 92.17 Phase space threshold despiking cm/s,cm 9.5778 4.427
600 558 93 Phase space threshold despiking cm/s,cm 0.6903 -0.597
600 558 93 Phase space threshold despiking cm/s,cm 2.2893 -6.439
600 551 91.83 Phase space threshold despiking cm/s,cm -1.233 1.634
600 547 91.17 Phase space threshold despiking cm/s,cm 4.6919 2.388
600 569 94.83 Phase space threshold despiking cm/s,cm 11.486 2.811
600 571 95.17 Phase space threshold despiking cm/s,cm 0.9121 2.042
600 566 94.33 Phase space threshold despiking cm/s,cm 4.6323 1.593
600 571 95.17 Phase space threshold despiking cm/s,cm 6.5604 1.752
600 554 92.33 Phase space threshold despiking cm/s,cm 3.4362 0.251
600 543 90.5 Phase space threshold despiking cm/s,cm -1.297 -0.093
600 552 92 Phase space threshold despiking cm/s,cm -2.653 0.531
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050908_0004
050908_0005
050908_0006
050908_0007
050908_0008
050908_0009
050908_0010
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050908_0012
050908_0013
050908_0015
050908_0016
050908_0017
050908_0018
050908_0019
050908_0020
050908_0021
050908_0022
050908_0023
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050908_0026
050908_0027
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052308_0002
052308_0003
052308_0004
052308_0005
052308_0006
052308_0007
052308_0008
052308_0009
052308_0010
052308_0011
052308_0012
052308_0013
052308_0014
052308_0015
052308_0016
052308_0017
052308_0018
052308_0019
052308_0020
Avg Mag Avg
Vz V-Avg Vmag RMS[Vx'] RMS[Vy'] RMS[Vz'] TI |RMS[V']| RMS[Vmag']
-1.233 3.8346 6.1692 4.8818 3.569 0.9125 0.2401 6.1157 3.7424
-0.526 3.5639 5.0557 3.0392 3.0057 0.585 0.1961 4.3142 2.394
0.037 3.3885 3.8516 1.679 1.6674 0.3649 0.1204 2.3942 1.5406
0.089 3.5668 3.8003 1.3204 1.1395 0.2983 0.0803 1.7694 1.1863
-0.184 3.9245 4.2472 1.8548 1.6163 0.3579 0.0932 2.4861 1.8812
0.023 3.2925 4.2571 2.652 2.0811 0.5756 0.1821 3.4199 2.0976
-0.025 3.8387 3.9992 1.0222 1.0233 0.2961 0.0578 1.4764 0.9582
0.203 5.1795 5.3942 2.3117 1.2099 0.3783 0.0567 2.6365 2.1627
-0.134 2.9903 4.5583 3.2932 2.5311 0.5469 0.2705 4.1893 2.386
0.3 3.6252 5.5122 4.1505 2.6184 0.673 0.2176 4.9534 2.6951
-0.493 7.0604 8.1674 3.0617 3.8165 0.6796 0.0572 4.9398 2.7412
0.29 4.3771 6.3767 3.3964 3.988 0.6476 0.1591 5.2782 2.5135
-0.699 6.1067 7.006 3.3203 2.944 0.661 0.0695 4.4865 2.8838
-0.045 10.649 11.718 4.1765 4.3576 0.8707 0.031 6.0984 3.6376
0.399 9.1228 9.8033 3.111 3.2741 0.6025 0.0316 4.5564 2.8035
-0.261 8.5179 9.5447 3.7015 3.9374 0.7222 0.0434 5.4522 3.3388
0.301 2.5133 5.3299 3.8838 3.8456 0.8885 0.5061 5.5374 2.9209
0.612 9.8776 10.593 3.4343 3.4618 0.6837 0.0291 4.924 3.0953
-0.615 8.126 9.4964 4.2381 4.3228 1.0732 0.0538 6.1481 3.6887
0.216 4.6543 7.2133 5.314 4.2012 1.1571 0.1832 6.8722 4.0991
-0.077 9.4103 10.86 4.1764 4.5912 0.9044 0.0409 6.2721 3.1461
0.062 9.0388 9.8988 3.8707 3.6004 0.7774 0.0378 5.3432 3.4978
-0.006 2.3964 5.0517 3.9966 3.2611 0.8379 0.5254 5.2259 2.7382
0.178 0.6392 3.8221 3.5005 2.6679 0.6838 6.2924 4.4541 2.369
0.199 0.9334 5.4666 4.8037 3.7047 0.9661 4.0707 6.1428 2.9444
0.077 0.9358 3.8167 2.8501 2.9522 1.0043 2.7854 4.2246 2.0325
0.129 3.3845 5.1579 3.0924 2.8466 1.4398 0.2239 4.4428 2.136
0.125 9.6765 10.013 2.5417 2.4696 0.6205 0.0222 3.5978 2.5127
-0.272 3.8822 5.3108 2.8738 3.2192 1.0456 0.1701 4.4402 2.561
-0.201 4.4271 6.6442 4.3689 4.1848 0.8729 0.1801 6.1124 3.5736
-0.03 2.248 4.2265 3.0151 2.6879 0.4834 0.4648 4.0681 1.9277
-0.024 3.4727 4.7457 2.9003 2.5392 0.6116 0.1869 3.903 2.18
-0.106 5.6189 6.3649 3.6331 2.5274 0.584 0.0816 4.4641 3.3124
-0.736 3.7729 6.2483 4.5054 3.6715 0.8339 0.2381 5.8714 3.1022
-0.049 2.2313 5.2882 4.7164 3.1449 0.783 0.6636 5.7226 3.1177
0.664 4.1971 7.4491 6.0326 3.9656 0.8763 0.2383 7.2723 3.866
-0.164 4.2379 5.535 3.2718 2.8734 0.6265 0.1414 4.3993 2.5798
-0.212 2.5192 5.5261 4.6335 3.5448 0.7381 0.5349 5.8805 3.2167
-0.34 4.6295 6.9855 4.0368 4.9068 0.8198 0.1726 6.4066 3.692
0.128 3.8585 6.4256 3.5882 4.7909 0.8263 0.2343 6.0424 3.1723
0.09 4.6545 5.3677 2.1687 2.4907 0.4949 0.089 3.3394 1.9977
-0.15 4.5923 6.1059 3.7892 3.2475 0.7037 0.138 5.0398 3.0296
-0.442 7.471 8.4828 3.5983 3.7892 0.7197 0.0546 5.2748 3.414
0.028 3.1752 5.4617 3.5245 3.8822 0.7556 0.3034 5.2976 2.8776
-0.283 9.4091 10.038 3.3249 3.3146 0.6625 0.0309 4.7413 3.1988
-0.146 6.0978 8.1755 4.6982 4.5247 0.8745 0.1022 6.5811 3.6884
-1.233 10.276 12.144 7.5916 4.2807 1.1225 0.048 8.7873 5.9376
-0.199 2.5387 6.6203 5.8125 4.1702 1.1194 0.6486 7.2408 3.8702
0.365 2.1789 4.6741 3.5373 3.2434 0.716 0.5901 4.8523 2.5328
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052308_0021
052308_0022
052308_0023
052308_0024
052308_0025
052308_0026
052308_0027
052308_0028
052308_0029
052308_0030
052308_0031
052308_0032
052308_0033
061308_0001
061308_0002
061308_0003
061308_0004
061308_0005
061308_0006
061308_0007
061308_0008
061308_0009
061308_0010
061308_0011
061308_0012
061308_0013
061308_0014
061308_0015
061308_0016
061308_0017
061308_0018
061308_0019
061308_0020
061308_0021
061308_0022
061308_0023
061308_0024
061308_0025
061308_0026
061308_0027
061308_0028
061308_0029
Avg Mag Avg
Vz V-Avg Vmag RMS[Vx'] RMS[Vy'] RMS[Vz'] TI |RMS[V']| RMS[Vmag']
0.349 0.7206 4.6779 3.512 3.8387 0.7906 5.8512 5.2626 2.5089
0.106 10.423 12.741 5.1303 6.6866 1.1404 0.0452 8.5047 4.3083
0.239 0.9174 3.584 2.7446 2.7519 0.8167 2.7247 3.9715 1.9358
-0.059 1.7988 4.6244 3.4505 3.1817 1.2 0.8644 4.8445 2.2994
0.054 4.4423 6.4384 3.5941 3.8022 1.5702 0.1598 5.4626 2.843
0.069 12.355 12.699 3.176 2.7528 0.7815 0.0162 4.275 3.1052
-1.06 2.7066 4.9691 3.3886 3.2146 1.0519 0.3773 4.7878 2.3509
0.344 1.8301 5.3952 3.817 4.3578 0.8488 1.0093 5.855 2.9116
0.176 5.9415 7.902 4.1235 4.9663 0.8879 0.1066 6.5158 3.9074
-0.153 0.664 4.9774 4.4513 3.2568 0.9692 7.3327 5.6 2.6426
0.115 6.0793 8.2539 4.8116 4.6742 1.5527 0.1076 6.8855 4.0234
-0.117 10.109 10.803 3.6509 3.8938 1.043 0.0307 5.4386 3.8799
-0.758 3.2223 5.6187 3.5079 3.5271 1.7833 0.2938 5.2845 2.5887
-0.025 1.7854 6.5078 4.7157 5.3048 0.9504 1.2971 7.1612 3.4714
0.09 3.0056 6.5441 4.917 4.4208 1.0665 0.428 6.6976 3.3177
0.824 5.8189 7.1988 3.9829 3.5065 0.8251 0.0916 5.3702 3.2931
-0.003 4.2766 5.792 3.5108 3.1343 0.6549 0.15 4.7517 2.7007
-0.022 2.7671 7.2278 6.5408 4.2665 1.0907 0.5946 7.8851 4.1843
0.281 3.445 7.2489 5.6109 4.8201 0.9546 0.3628 7.4583 3.8566
0.153 2.3519 6.8431 6.1882 4.0478 1.0224 0.7792 7.4648 3.7886
0.443 3.8775 6.0076 4.5687 3.1698 0.7689 0.2156 5.6136 3.2279
0.077 5.115 6.8049 4.2848 3.5832 0.7854 0.1245 5.6406 3.4114
-0.368 2.6713 5.5355 3.3238 4.5081 0.7833 0.4576 5.6554 2.9047
-1.084 7.4866 9.0728 4.3776 4.7449 0.9422 0.0672 6.5242 4.0314
0.643 4.1782 8.1647 6.3592 5.0882 1.1755 0.2721 8.2287 4.2916
-0.38 3.8557 6.4009 4.3104 4.0397 0.8377 0.2317 5.9666 3.0737
-1.113 7.665 8.6041 3.8426 3.2945 0.6519 0.0502 5.1034 3.2772
0.083 8.914 9.7267 4.2213 3.3699 0.7064 0.0396 5.4475 3.8077
-0.333 9.6115 10.629 4.0878 3.9939 0.8271 0.0361 5.7746 3.5666
-1.057 8.254 10.276 5.5234 5.0993 1.0122 0.0643 7.5852 4.4722
0.071 10.552 12.918 4.9605 6.829 1.1121 0.0441 8.5134 4.1042
0.238 0.9431 7.1294 5.6839 5.8475 1.0931 5.34 8.2277 4.2032
-0.973 6.9024 13.092 9.178 10.8 1.6406 0.1729 14.2677 8.9214
0.12 2.05 5.5112 4.9609 3.1266 0.9063 0.8152 5.9336 2.9983
-0.358 5.2768 9.7509 7.81 5.4081 1.3238 0.1989 9.5914 4.9636
-0.352 11.83 13.179 5.313 5.3132 0.9996 0.0313 7.5801 4.8662
0.16 2.2421 8.7213 7.1508 6.2614 1.6745 1.1085 9.651 4.6887
0.1 4.8996 7.0003 3.9039 4.3023 1.117 0.1423 5.9159 3.1552
0.457 6.8057 9.2183 6.0179 4.6042 1.1421 0.0955 7.6627 4.4711
0.089 3.4466 6.4543 5.1375 3.6683 1.3407 0.3137 6.4535 3.4373
-0.139 1.3077 5.8544 5.7277 3.4467 1.0617 2.285 6.7686 3.6317
0.511 2.7538 7.6589 5.1282 6.3282 1.4745 0.6302 8.2776 4.1655
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050908_0010
050908_0011
050908_0012
050908_0013
050908_0015
050908_0016
050908_0017
050908_0018
050908_0019
050908_0020
050908_0021
050908_0022
050908_0023
050908_0024
050908_0025
050908_0026
050908_0027
050908_0028
050908_0029
050908_0030
052308_0001
052308_0002
052308_0003
052308_0004
052308_0005
052308_0006
052308_0007
052308_0008
052308_0009
052308_0010
052308_0011
052308_0012
052308_0013
052308_0014
052308_0015
052308_0016
052308_0017
052308_0018
052308_0019
052308_0020
Avg Avg
Skew-x Skew-y Skew-z Kurt-x Kurt-y Kurt-z Cov-XY Cov-XZ Cov-YZ COR SNR
-0.3526 0.0415 -0.4095 0.152 0.158 -0.256 -6.8493 1.753 0.9018 39.58 3.54
-0.1506 -0.2531 -0.1604 0.027 0.159 -0.062 0.11546 0.2404 0.2976 42.92 2.72
0.0868 -0.2389 0.1969 0.537 0.189 0.151 -0.9204 -0.0676 0.2453 58.12 3.43
0.0286 0.668 0.6116 0.49 0.467 0.338 -0.3159 0.1165 0.1725 65.85 3.45
0.069 -0.5089 -0.2151 0.088 0.224 0.074 -1.303 0.0443 0.2974 57.18 3.04
0.0653 0.0552 0.2591 0.323 0.298 -0.066 0.0504 0.4214 -0.1414 47.05 2.83
0.019 0.5084 0.379 1.03 0.76 0.859 -0.1852 0.0281 0.0919 68.91 4.6
0.1578 -0.1233 0.5848 0.324 0.535 0.4 -0.1639 0.4206 0.1082 55.92 3.7
-0.0147 -0.2901 0.0136 0.275 -0.097 0.289 -1.2358 0.4539 0.3451 37.91 2.77
-0.1239 0.1427 0.1527 0.053 -0.08 8E-04 -3.381 1.1801 0.9378 43.54 2.1
-0.0023 -0.1945 -0.0527 -0.07 0.263 0.167 -5.2972 -0.6735 1.4292 44.16 3
-0.3041 0.0409 -0.2757 -0.036 0.181 0.079 -8.1055 -0.7683 1.5938 43.12 2.53
-0.0479 0.0521 0.1858 0.245 0.228 -0.045 -1.6515 0.1883 0.3424 33.51 2.14
-0.15 0.1148 0.0114 0.019 0.131 -0.024 -5.137 -0.4741 1.319 32.67 1.99
-0.1128 -0.0922 0.0875 0.062 0.073 0.067 -4.2985 -0.4121 1.0035 44.54 2.2
-0.1295 0.1409 0.1319 0.119 0.303 0.26 -4.8485 -0.2333 1.2074 31.17 2.04
0.0155 -0.1177 0.1883 0.051 0.005 0.415 -4.1601 0.0169 0.7824 36.43 1.54
-0.242 -0.1273 -0.0242 0.174 -0.034 -0.126 -3.5761 0.1695 1.0986 40.38 1.66
-0.1656 0.0079 0.0393 -0.066 0.114 0.117 0.54184 -0.2028 -0.0416 33.49 2.29
-0.0342 0.3347 0.029 0.282 0.136 0.14 -4.9104 1.0484 0.6863 34.18 1.69
-0.1481 0.0471 0.1173 0.101 0.178 0.538 -11.155 -0.9354 2.5335 41.05 1.92
-0.2613 0.1933 -0.0679 0.105 -0.169 -0.1 -0.6037 -0.3611 0.3143 38.77 1.62
0.0732 0.0005 -0.0933 0.059 -0.108 -0.189 -3.2548 0.4143 0.4398 36.55 1.88
0.2648 -0.1457 0.1853 0.392 0.52 -0.271 -3.1076 0.6132 0.8338 48.13 1.91
0.0483 0.0357 -0.0884 0.008 -0.065 0.123 -1.1666 0.9181 0.6202 29.45 1.76
0.2646 -0.2327 0.4232 -0.183 0.077 0.022 -2.8886 -0.0749 0.505 47.35 1.8
-0.0484 -0.0536 0.0858 0.119 -0.021 -0.233 -3.4471 -0.8041 0.0641 48.22 1.79
0.012 -0.2772 -0.0343 0.288 -0.062 0.19 0.80361 -0.1561 -0.0773 48.1 2.21
0.1996 -0.3045 -0.0206 -0.104 0.269 -0.074 1.96246 -0.4999 -0.752 46.12 1.95
-0.1131 -0.1393 0.0815 0.149 0.262 0.119 -4.1523 -0.0813 1.0948 33.65 1.54
-0.2366 -0.1298 -0.0981 0.132 0.226 0.002 -1.3971 0.201 0.4246 42.9 1.55
-0.1644 0.1804 0.0654 0.043 0.022 0.086 -1.5037 -0.0455 0.4086 40.93 1.4
0.3955 -0.3159 -0.0027 0.203 -0.249 0.162 -1.4808 0.5862 0.131 40.08 1.15
-0.0996 0.1432 -0.2026 0.087 0.185 0.145 -1.2786 0.6026 0.4826 30.53 1.17
0.1462 0.0407 0.0571 0.197 0.43 0.032 -2.3966 1.3764 0.4845 33.64 1.14
-0.171 0.2248 0.1272 0.093 0.094 0.018 -1.0163 1.2701 0.5755 27.88 1.23
-0.0749 0.0401 0.0792 0.228 0.082 -0.079 -1.0837 0.1741 0.3692 35.99 1.35
-0.1846 -0.134 -0.0377 -0.172 -0.009 0.049 -3.8157 0.6161 0.8629 27.69 1.3
0.1776 0.0216 -0.2005 0.115 0.217 0.139 -3.2343 -1.1381 0.2704 33.91 1.29
0.0236 0.1145 -0.1489 -0.069 -0.081 0.081 -8.1645 -1.304 1.9934 34.82 1.44
-0.1213 -0.1574 -0.0415 0.359 0.035 0.145 -2.1964 -0.2894 0.6658 47.83 1.31
-0.0444 -0.3731 0.0478 0.147 0.013 0.197 -1.0272 0.6703 0.5662 35.74 1.35
0.0959 -0.1214 -0.028 -0.234 0.52 0.124 -1.8248 -0.3097 0.534 34.96 1.3
-0.0696 -0.0426 0.0739 0.161 0.027 0.121 -4.6387 -0.4406 1.3475 34.31 1.36
-0.069 0.3254 0.0464 -0.134 0.026 0.014 -3.6632 -0.0485 0.8877 39.93 1.32
-0.1855 0.0885 0.0269 0.097 0.207 -0.018 -8.1164 0.0051 2.0072 31.43 1.23
0.0515 -0.1053 -0.01 0.498 -0.01 0.074 -0.4761 5.0619 0.2587 25.91 1.44
0.0513 0.2833 0.077 0.469 0.27 0.023 -5.7228 1.8249 1.4006 35.65 1.8
-0.0575 0.0471 0.0516 0.025 -0.04 -0.065 -4.2216 0.1034 1.0947 43.75 1.63
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File
052308_0021
052308_0022
052308_0023
052308_0024
052308_0025
052308_0026
052308_0027
052308_0028
052308_0029
052308_0030
052308_0031
052308_0032
052308_0033
061308_0001
061308_0002
061308_0003
061308_0004
061308_0005
061308_0006
061308_0007
061308_0008
061308_0009
061308_0010
061308_0011
061308_0012
061308_0013
061308_0014
061308_0015
061308_0016
061308_0017
061308_0018
061308_0019
061308_0020
061308_0021
061308_0022
061308_0023
061308_0024
061308_0025
061308_0026
061308_0027
061308_0028
061308_0029
Avg Avg
Skew-x Skew-y Skew-z Kurt-x Kurt-y Kurt-z Cov-XY Cov-XZ Cov-YZ COR SNR
-0.0782 0.1129 0.0772 0.169 -0.071 -0.202 -4.5625 -0.139 1.3108 42.64 1.57
-0.1127 -0.0138 -0.1873 0.119 0.384 0.143 -23.415 -3.1137 5.5383 34.31 1.79
-0.1727 -0.1563 -0.1883 0.043 0.248 -0.168 -1.1399 0.0033 0.1305 48.13 1.73
0.1227 -0.1652 -0.0976 -0.101 -0.083 -0.227 -3.7699 -0.4016 0.6014 41.47 1.64
-0.0836 0.118 -0.033 -0.123 -0.103 0.006 -7.196 0.7858 -0.3413 42.1 1.61
-0.1066 0.2243 0.0288 -0.237 0.011 0.124 -2.1168 0.2738 1.0238 46.08 1.73
0.0681 -0.0342 -0.0008 0.021 0.103 -0.215 -1.8863 -0.1284 0.0502 41.1 1.57
-0.0398 -0.0866 0.0685 -0.241 0.093 0.125 -6.4676 -0.0581 2.0281 39.31 1.5
-0.1354 0.1349 0.0422 -0.003 -0.026 -0.047 -9.2724 -1.1947 2.059 37.49 1.55
0.0602 0.2088 0.0247 -0.091 0.306 -0.078 -4.1149 0.1568 0.0143 40.9 1.5
-0.0284 0.0694 0.0079 -0.007 0.347 -0.176 -4.4606 -0.3427 -0.2949 36.09 1.5
-0.0992 0.1016 0.0076 -0.033 -0.136 -0.029 -5.3927 -0.194 0.7042 43.64 1.58
-0.1943 0.0685 0.0749 0.217 0.138 -0.024 -3.8081 0.3364 -0.9617 39.28 1.58
-0.1308 -0.0242 -0.0033 0.371 -0.158 0.004 -0.4504 -1.4668 0.4931 25.93 1.6
0.0584 -0.002 -0.0903 0.188 -0.154 0.01 2.54838 0.7765 -1.244 21.59 1.68
0.0092 -0.2343 0.1136 -0.241 -0.208 -0.1 0.64159 0.6106 -0.4019 26.86 1.8
0.0585 0.1149 -0.1928 0.167 0.192 0.186 -2.1879 0.3994 0.5903 30.46 1.77
0.0612 0.0147 0.1682 0.095 0.21 0.594 -5.1079 3.0118 1.8871 26.72 1.77
0.0567 0.0467 0.211 0.029 -0.146 0.404 -10.811 0.3822 2.0031 27.58 1.7
-0.1436 0.1017 0.0907 0.147 -0.082 0.32 -2.5723 3.054 1.4161 23.19 1.91
-0.044 0.079 0.18 0.142 0.068 -0.082 -3.4213 1.4103 0.8781 29.03 1.74
-0.0072 0.0057 -0.1447 0.186 0.06 -0.031 -4.9304 0.5508 1.3049 29 1.74
-0.2951 0.205 -0.0026 -0.243 -0.008 0.026 4.41148 -1.0848 -1.3779 31.73 1.73
-0.0695 0.0182 -0.0214 0.285 0.249 -0.034 -9.0083 -1.0662 2.6999 27.01 1.69
-0.0455 0.0457 -0.1139 -0.143 0.312 0.163 -4.574 -0.5135 0.9802 23.03 1.69
-0.1774 0.1793 -0.0628 -0.019 0.167 0.012 -6.1678 -0.3436 1.7181 27.9 1.71
-0.2359 -0.0254 0.0983 -0.097 0.338 -0.102 -3.4424 0.3048 0.7681 35.68 1.71
-0.1863 -0.0448 -0.0557 0.081 0.025 -0.059 -1.6003 0.6784 -0.0316 31.46 1.75
-0.2113 -0.172 0.06 -0.134 -0.061 -0.009 -5.5219 -0.025 1.333 28.58 1.74
0.0498 0.0349 -0.094 -0.01 -0.223 -0.105 -0.0582 0.0308 -0.2175 27.12 1.72
0.0275 0.1686 -0.0159 0.127 0.389 0.17 -21.365 -3.3743 5.0884 30.25 1.69
0.0642 0.1619 0.0516 0.286 0.148 0.279 -13.573 -0.1199 3.3924 31.51 1.6
0.3781 -0.098 0.1794 0.013 0.242 0.175 -79.059 -8.1776 15.489 34.74 1.67
-0.0861 0.0654 -0.0328 0.018 -0.078 0.18 -2.0471 1.0289 -0.1889 33.25 1.66
0.105 -0.0231 0.205 0.056 0.144 0.05 -15.584 3.498 1.7543 26.02 1.64
0.1785 0.0073 -0.1979 0.18 0.285 -0.126 -4.8815 -0.2572 1.4635 26.17 1.69
0.0435 0.072 -0.1016 -0.061 -0.072 -0.064 -8.7495 1.4194 0.4121 24 1.65
-0.0884 0.053 -0.0352 -0.158 0.09 -0.111 -1.4882 -0.7239 0.6731 31.31 1.7
-0.0079 0.1071 0.0033 0.128 -0.295 0.021 -4.9781 1.5347 0.5905 30.2 1.63
-0.0006 0.0219 0.0067 0.124 0.171 -0.168 -3.5144 1.3435 0.9175 31.31 1.61
-0.1439 -0.0247 -0.2034 0.198 0.33 -0.029 -3.1811 2.8696 0.327 31.1 1.59
-0.0153 0.1327 -0.053 -0.021 -0.058 -0.125 -11.057 -3.0187 1.9617 30.42 1.68
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File
050908_0001
050908_0002
050908_0003
050908_0004
050908_0005
050908_0006
050908_0007
050908_0008
050908_0009
050908_0010
050908_0011
050908_0012
050908_0013
050908_0015
050908_0016
050908_0017
050908_0018
050908_0019
050908_0020
050908_0021
050908_0022
050908_0023
050908_0024
050908_0025
050908_0026
050908_0027
050908_0028
050908_0029
050908_0030
052308_0001
052308_0002
052308_0003
052308_0004
052308_0005
052308_0006
052308_0007
052308_0008
052308_0009
052308_0010
052308_0011
052308_0012
052308_0013
052308_0014
052308_0015
052308_0016
052308_0017
052308_0018
052308_0019
052308_0020
Avg Span of 95% Span of 95% Span of 95%
AMP Conf.Interval-Vx Conf.Interval-Vy Conf.Interval-Vz
46.23 0.8076 0.5904 0.151
44.33 0.5023 0.4968 0.0967
45.97 0.2894 0.2873 0.0629
46.03 0.2322 0.2004 0.0525
45.06 0.3123 0.2722 0.0603
44.59 0.445 0.3492 0.0966
48.69 0.197 0.1973 0.0571
46.6 0.4058 0.2124 0.0664
44.44 0.5541 0.4258 0.092
42.87 0.6854 0.4324 0.1111
44.98 0.5146 0.6415 0.1142
43.89 0.5658 0.6644 0.1079
42.98 0.5546 0.4918 0.1104
42.62 0.6897 0.7196 0.1438
43.12 0.5165 0.5435 0.1
42.75 0.6097 0.6486 0.119
41.59 0.6523 0.6458 0.1492
41.86 0.5701 0.5747 0.1135
43.32 0.7111 0.7253 0.1801
41.92 0.8932 0.7062 0.1945
42.46 0.7065 0.7767 0.153
41.76 0.6398 0.5951 0.1285
42.38 0.6652 0.5428 0.1395
42.44 0.6033 0.4598 0.1178
42.09 0.8097 0.6244 0.1628
42.18 0.4723 0.4892 0.1664
42.17 0.517 0.4759 0.2407
43.13 0.4265 0.4144 0.1041
42.53 0.4779 0.5354 0.1739
42.26 0.7344 0.7034 0.1467
42.27 0.5124 0.4568 0.0821
41.92 0.4828 0.4226 0.1018
41.34 0.6047 0.4207 0.0972
41.38 0.7453 0.6074 0.1379
41.31 0.7871 0.5249 0.1307
41.53 0.9997 0.6572 0.1452
41.8 0.5394 0.4737 0.1033
41.7 0.7606 0.5819 0.1212
41.66 0.6696 0.8139 0.136
42.02 0.5973 0.7974 0.1375
41.72 0.361 0.4146 0.0824
41.81 0.6313 0.541 0.1172
41.69 0.5866 0.6178 0.1173
41.84 0.5898 0.6496 0.1265
41.74 0.5491 0.5474 0.1094
41.54 0.7752 0.7466 0.1443
42.02 1.2889 0.7268 0.1906
41.85 0.9735 0.6985 0.1875
41.46 0.5877 0.5389 0.119
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File
052308_0021
052308_0022
052308_0023
052308_0024
052308_0025
052308_0026
052308_0027
052308_0028
052308_0029
052308_0030
052308_0031
052308_0032
052308_0033
061308_0001
061308_0002
061308_0003
061308_0004
061308_0005
061308_0006
061308_0007
061308_0008
061308_0009
061308_0010
061308_0011
061308_0012
061308_0013
061308_0014
061308_0015
061308_0016
061308_0017
061308_0018
061308_0019
061308_0020
061308_0021
061308_0022
061308_0023
061308_0024
061308_0025
061308_0026
061308_0027
061308_0028
061308_0029
Avg Span of 95% Span of 95% Span of 95%
AMP Conf.Interval-Vx Conf.Interval-Vy Conf.Interval-Vz
41.33 0.5775 0.6312 0.13
41.83 0.8443 1.1004 0.1877
41.69 0.4639 0.4651 0.138
41.47 0.5708 0.5264 0.1985
41.41 0.5956 0.6301 0.2602
41.68 0.5305 0.4598 0.1305
41.31 0.5601 0.5313 0.1739
41.16 0.632 0.7216 0.1405
41.28 0.6798 0.8187 0.1464
41.15 0.7455 0.5455 0.1623
41.16 0.7858 0.7633 0.2536
41.35 0.6003 0.6403 0.1715
41.35 0.5834 0.5866 0.2966
40.72 0.7808 0.8784 0.1574
40.9 0.8141 0.732 0.1766
41.18 0.656 0.5776 0.1359
41.13 0.5783 0.5163 0.1079
41.12 1.1085 0.7231 0.1848
40.95 0.9449 0.8117 0.1607
41.45 1.0346 0.6768 0.1709
41.04 0.7552 0.5239 0.1271
41.04 0.7138 0.597 0.1308
41.03 0.5503 0.7464 0.1297
40.93 0.7332 0.7947 0.1578
40.93 1.0594 0.8477 0.1958
40.98 0.7259 0.6803 0.1411
40.97 0.6385 0.5474 0.1083
41.06 0.7002 0.559 0.1172
41.06 0.6804 0.6648 0.1377
41.01 0.9074 0.8378 0.1663
40.94 0.8353 1.15 0.1873
40.73 0.9529 0.9803 0.1832
40.89 1.5386 1.8105 0.275
40.85 0.8369 0.5275 0.1529
40.82 1.3224 0.9157 0.2241
40.92 0.882 0.8821 0.1659
40.83 1.185 1.0376 0.2775
40.95 0.6498 0.7161 0.1859
40.8 0.9973 0.763 0.1893
40.74 0.8644 0.6172 0.2256
40.71 0.9734 0.5857 0.1804
40.91 0.8644 1.0666 0.2485
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A.2 Bottom Layer
110
Processed by: WinADV32 - Version 2.025
SampleVelocity Velocity BoundarySampling Sample
File X Y Rate Range Scaling ProbeDistance Window Time Span Span
050908_0001 0 -8 5 30 cm/s Raw data 0 1.9728 Samples 1-600 0.1-119.9 1-600
050908_0002 0 -5 5 30 cm/s Raw data 0 1.9728 Samples 1-600 0.1-119.9 1-600
050908_0003 0 -6.5 5 30 cm/s Raw data 0 1.9728 Samples 1-600 0.1-119.9 1-600
050908_0004 4 -6.5 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0005 4 -9 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0006 4 -4 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0007 8 -1 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0008 8 -4 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0009 8 -6.5 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0010 8 -9 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0011 8 -12 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0012 13 -12 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0013 13 -9 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0015 13 -6.5 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0016 13 -4 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0017 13 -1 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0018 -13 -1 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0019 -13 -4 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0020 -13 -6.5 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0021 -13 -9 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0022 -13 -12 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0023 -8 -12 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0024 -8 -9 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0025 -8 -6.5 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0026 -8 -4 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0027 -8 -1 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0028 -4 -4 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0029 -4 -6.5 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
050908_0030 -4 -9 5 30 cm/s Raw data 0 1.9634 Samples 1-600 0.1-119.9 1-600
052308_0001 0 -5 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0002 0 -6.5 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0003 0 -8 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0004 1 -9 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0005 1 -4 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0006 4 -4 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0007 4 -6.5 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0008 4 -9 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0009 8 -12 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0010 8 -9 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0011 8 -6.5 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0012 8 -4 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0013 8 -1 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0014 13 -1 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0015 13 -6.5 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0016 13 -4 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0017 13 -9 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0018 13 -12 5 30 cm/s Raw data 0 1.9606 Samples 1-600 0.1-119.9 1-600
052308_0019 -13 -12 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0020 -13 -9 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
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052308_0021 -13 -6.5 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0022 -13 -4 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0023 -13 -1 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0024 -8 -1 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0025 -8 -4 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0026 -8 -6.5 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0027 -8 -9 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0028 -8 -12 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0029 -4 -9 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0030 -4 -6.5 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0031 -4 -4 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0032 -1 -4 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
052308_0033 -1 -9 5 30 cm/s Raw data 0 2.0032 Samples 1-600 0.1-119.9 1-600
061308_0001 0 -5 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0002 0 -6.5 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0003 0 -8 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0004 4 -9 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0005 4 -6.5 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0006 4 -4 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0007 8 -1 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0008 8 -4 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0009 8 -6.5 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0010 8 -9 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0011 8 -12 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0012 13 -12 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0013 13 -9 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0014 13 -6.5 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0015 13 -4 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0016 13 -1 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0017 -13 -1 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0018 -13 -4 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0019 -13 -6.5 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0020 -13 -9 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0021 -13 -12 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0022 -8 -12 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0023 -8 -9 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0024 -8 -6.5 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0025 -8 -4 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0026 -8 -1 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0027 -4 -4 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0028 -4 -6.5 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
061308_0029 -4 -9 5 30 cm/s Raw data 0 2.0988 Samples 1-600 0.1-119.9 1-600
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050908_0001
050908_0002
050908_0003
050908_0004
050908_0005
050908_0006
050908_0007
050908_0008
050908_0009
050908_0010
050908_0011
050908_0012
050908_0013
050908_0015
050908_0016
050908_0017
050908_0018
050908_0019
050908_0020
050908_0021
050908_0022
050908_0023
050908_0024
050908_0025
050908_0026
050908_0027
050908_0028
050908_0029
050908_0030
052308_0001
052308_0002
052308_0003
052308_0004
052308_0005
052308_0006
052308_0007
052308_0008
052308_0009
052308_0010
052308_0011
052308_0012
052308_0013
052308_0014
052308_0015
052308_0016
052308_0017
052308_0018
052308_0019
052308_0020
No. of Number WinADV Avg Avg
Samples Good %Good Filter Units Vx Vy
600 573 95.5 Phase space threshold despiking cm/s,cm 11.251 0.578
600 537 89.5 Phase space threshold despiking cm/s,cm 9.6193 -1.294
600 577 96.17 Phase space threshold despiking cm/s,cm 9.9362 -0.69
600 548 91.33 Phase space threshold despiking cm/s,cm 9.5153 1.68
600 549 91.5 Phase space threshold despiking cm/s,cm -1.22 0.694
600 500 83.33 Phase space threshold despiking cm/s,cm 8.3758 1.341
600 527 87.83 Phase space threshold despiking cm/s,cm -1.93 -0.793
600 546 91 Phase space threshold despiking cm/s,cm 7.5336 0.788
600 539 89.83 Phase space threshold despiking cm/s,cm 9.1123 1.744
600 499 83.17 Phase space threshold despiking cm/s,cm -0.305 0.341
600 525 87.5 Phase space threshold despiking cm/s,cm -1.272 0.423
600 535 89.17 Phase space threshold despiking cm/s,cm -1.512 0.268
600 513 85.5 Phase space threshold despiking cm/s,cm -0.054 0.321
600 563 93.83 Phase space threshold despiking cm/s,cm 3.7821 0.57
600 567 94.5 Phase space threshold despiking cm/s,cm 8.2904 1.626
600 539 89.83 Phase space threshold despiking cm/s,cm -0.227 0.669
600 511 85.17 Phase space threshold despiking cm/s,cm 2.1435 -0.12
600 491 81.83 Phase space threshold despiking cm/s,cm 2.7482 -0.187
600 460 76.67 Phase space threshold despiking cm/s,cm 3.1303 -0.179
600 510 85 Phase space threshold despiking cm/s,cm 3.0625 0.442
600 516 86 Phase space threshold despiking cm/s,cm 2.7057 0.067
600 507 84.5 Phase space threshold despiking cm/s,cm 2.6665 1.033
600 497 82.83 Phase space threshold despiking cm/s,cm 3.283 1.095
600 503 83.83 Phase space threshold despiking cm/s,cm 3.7003 -0.328
600 478 79.67 Phase space threshold despiking cm/s,cm 2.8984 -0.629
600 502 83.67 Phase space threshold despiking cm/s,cm 1.736 -0.576
600 523 87.17 Phase space threshold despiking cm/s,cm 5.2042 -2.403
600 522 87 Phase space threshold despiking cm/s,cm 5.8202 -0.055
600 515 85.83 Phase space threshold despiking cm/s,cm 5.6261 2.389
600 532 88.67 Phase space threshold despiking cm/s,cm 9.6175 -4.176
600 552 92 Phase space threshold despiking cm/s,cm 9.0095 0.746
600 521 86.83 Phase space threshold despiking cm/s,cm 9.5082 4.453
600 535 89.17 Phase space threshold despiking cm/s,cm 0.7697 0.732
600 536 89.33 Phase space threshold despiking cm/s,cm -0.308 -0.806
600 559 93.17 Phase space threshold despiking cm/s,cm 1.8494 -0.705
600 522 87 Phase space threshold despiking cm/s,cm 13.245 2.284
600 526 87.67 Phase space threshold despiking cm/s,cm -0.003 0.311
600 525 87.5 Phase space threshold despiking cm/s,cm -0.295 0.105
600 543 90.5 Phase space threshold despiking cm/s,cm 0.5523 0.484
600 556 92.67 Phase space threshold despiking cm/s,cm 11.733 1.991
600 577 96.17 Phase space threshold despiking cm/s,cm 8.7127 1.593
600 570 95 Phase space threshold despiking cm/s,cm -2.996 -0.645
600 564 94 Phase space threshold despiking cm/s,cm 10.293 4.528
600 573 95.5 Phase space threshold despiking cm/s,cm 4.7998 1.003
600 580 96.67 Phase space threshold despiking cm/s,cm 10.47 4.056
600 549 91.5 Phase space threshold despiking cm/s,cm -0.056 0.577
600 548 91.33 Phase space threshold despiking cm/s,cm -2.21 0.038
600 506 84.33 Phase space threshold despiking cm/s,cm 2.4052 0.118
600 521 86.83 Phase space threshold despiking cm/s,cm 2.5872 0.234
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052308_0021
052308_0022
052308_0023
052308_0024
052308_0025
052308_0026
052308_0027
052308_0028
052308_0029
052308_0030
052308_0031
052308_0032
052308_0033
061308_0001
061308_0002
061308_0003
061308_0004
061308_0005
061308_0006
061308_0007
061308_0008
061308_0009
061308_0010
061308_0011
061308_0012
061308_0013
061308_0014
061308_0015
061308_0016
061308_0017
061308_0018
061308_0019
061308_0020
061308_0021
061308_0022
061308_0023
061308_0024
061308_0025
061308_0026
061308_0027
061308_0028
061308_0029
No. of Number WinADV Avg Avg
Samples Good %Good Filter Units Vx Vy
600 517 86.17 Phase space threshold despiking cm/s,cm 2.9389 -0.112
600 525 87.5 Phase space threshold despiking cm/s,cm 2.3921 0.043
600 493 82.17 Phase space threshold despiking cm/s,cm 1.9128 -0.022
600 541 90.17 Phase space threshold despiking cm/s,cm 1.8077 -0.084
600 504 84 Phase space threshold despiking cm/s,cm 2.4984 -0.043
600 514 85.67 Phase space threshold despiking cm/s,cm 2.9137 -0.134
600 524 87.33 Phase space threshold despiking cm/s,cm 2.7327 0.382
600 534 89 Phase space threshold despiking cm/s,cm 1.9187 -0.025
600 536 89.33 Phase space threshold despiking cm/s,cm 3.1022 1.002
600 509 84.83 Phase space threshold despiking cm/s,cm 3.632 -0.219
600 547 91.17 Phase space threshold despiking cm/s,cm 2.6753 -0.85
600 525 87.5 Phase space threshold despiking cm/s,cm 2.4767 -2.253
600 544 90.67 Phase space threshold despiking cm/s,cm 3.1082 2.007
600 561 93.5 Phase space threshold despiking cm/s,cm 8.8256 -0.519
600 575 95.83 Phase space threshold despiking cm/s,cm 7.8802 1.072
600 573 95.5 Phase space threshold despiking cm/s,cm 8.1437 1.013
600 549 91.5 Phase space threshold despiking cm/s,cm 0.0385 0.615
600 558 93 Phase space threshold despiking cm/s,cm 7.5001 2.251
600 570 95 Phase space threshold despiking cm/s,cm 7.6196 2.66
600 534 89 Phase space threshold despiking cm/s,cm -0.165 -0.084
600 553 92.17 Phase space threshold despiking cm/s,cm 6.9592 1.544
600 551 91.83 Phase space threshold despiking cm/s,cm 7.3006 2.013
600 543 90.5 Phase space threshold despiking cm/s,cm 0.8157 -0.025
600 530 88.33 Phase space threshold despiking cm/s,cm -0.259 0.147
600 546 91 Phase space threshold despiking cm/s,cm -1.483 0.355
600 560 93.33 Phase space threshold despiking cm/s,cm 1.8942 -0.06
600 544 90.67 Phase space threshold despiking cm/s,cm 5.5349 0.773
600 559 93.17 Phase space threshold despiking cm/s,cm 6.7491 1.412
600 570 95 Phase space threshold despiking cm/s,cm 3.3418 0.398
600 535 89.17 Phase space threshold despiking cm/s,cm 2.1343 0.022
600 513 85.5 Phase space threshold despiking cm/s,cm 2.5539 -0.065
600 540 90 Phase space threshold despiking cm/s,cm 2.7793 -0.256
600 566 94.33 Phase space threshold despiking cm/s,cm 2.6422 0.328
600 554 92.33 Phase space threshold despiking cm/s,cm 2.1163 -0.012
600 556 92.67 Phase space threshold despiking cm/s,cm 1.6861 0.229
600 559 93.17 Phase space threshold despiking cm/s,cm 2.9859 0.915
600 558 93 Phase space threshold despiking cm/s,cm 3.3132 -0.007
600 553 92.17 Phase space threshold despiking cm/s,cm 2.5051 -0.54
600 549 91.5 Phase space threshold despiking cm/s,cm 1.5727 -0.465
600 547 91.17 Phase space threshold despiking cm/s,cm 5.1751 -2.202
600 550 91.67 Phase space threshold despiking cm/s,cm 5.4666 0.234
600 557 92.83 Phase space threshold despiking cm/s,cm 5.3097 2.474
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050908_0001
050908_0002
050908_0003
050908_0004
050908_0005
050908_0006
050908_0007
050908_0008
050908_0009
050908_0010
050908_0011
050908_0012
050908_0013
050908_0015
050908_0016
050908_0017
050908_0018
050908_0019
050908_0020
050908_0021
050908_0022
050908_0023
050908_0024
050908_0025
050908_0026
050908_0027
050908_0028
050908_0029
050908_0030
052308_0001
052308_0002
052308_0003
052308_0004
052308_0005
052308_0006
052308_0007
052308_0008
052308_0009
052308_0010
052308_0011
052308_0012
052308_0013
052308_0014
052308_0015
052308_0016
052308_0017
052308_0018
052308_0019
052308_0020
Avg Mag Avg
Vz V-Avg Vmag RMS[Vx'] RMS[Vy'] RMS[Vz'] TI |RMS[V']| RMS[Vmag']
-0.11 11.267 11.286 0.605 0.6056 0.2741 0.0041 0.8988 0.6022
-0.153 9.7071 9.7382 0.6751 0.6797 0.3813 0.0063 1.0311 0.6771
0.884 9.9992 10.018 0.6124 0.5743 0.2182 0.005 0.8675 0.608
0.003 9.6626 9.6902 0.7252 0.629 0.3502 0.0063 1.0219 0.7136
0.052 1.4049 1.5909 0.653 0.6203 0.2735 0.2754 0.9413 0.5724
-0.59 8.5029 8.5824 1.4841 0.9533 0.6721 0.0151 1.8876 1.4843
-0.049 2.0867 2.5103 1.2243 1.0805 0.579 0.2297 1.7325 1.025
-0.303 7.5808 7.773 1.8203 1.3571 0.959 0.0248 2.4647 1.7659
-0.114 9.2784 9.3416 1.1301 0.9573 0.4338 0.0103 1.5432 1.0972
-0.011 0.4576 1.8784 1.4569 1.4413 0.4388 5.7778 2.0958 1.033
-0.01 1.3402 2.2877 1.5432 1.4791 0.5009 0.7057 2.1955 1.1731
-0.119 1.5405 2.4156 1.6099 1.4787 0.4125 0.5412 2.2246 1.2166
0.018 0.3262 2.421 1.915 1.7961 0.6736 14.708 2.7106 1.2575
-0.425 3.8484 4.7054 2.364 1.9871 1.181 0.1289 3.3063 1.8942
0.112 8.4491 8.61 1.6696 1.5395 0.5348 0.0189 2.3332 1.6416
0.058 0.7085 2.8689 2.2599 1.9989 0.8712 3.612 3.1404 1.4557
-0.087 2.1487 2.4479 1.1759 0.9645 0.2886 0.1936 1.548 1.009
-0.093 2.7561 2.9335 1.0323 0.8991 0.2235 0.1054 1.387 0.9552
-0.072 3.1362 3.2411 0.8759 0.7535 0.1861 0.0687 1.1704 0.8364
-0.013 3.0942 3.2389 1.0483 0.8513 0.2277 0.0826 1.3694 0.9785
-0.145 2.7104 2.9647 1.3021 0.9413 0.2685 0.128 1.629 1.0988
-0.101 2.8614 3.1101 1.1736 1.055 0.2691 0.1129 1.6009 1.0367
-0.062 3.4615 3.6024 1.0387 0.9156 0.243 0.0677 1.4058 0.9891
-0.031 3.715 3.8429 1.1169 0.8796 0.2378 0.0603 1.4414 1.0531
-0.059 2.9665 3.1477 1.2261 0.8783 0.242 0.1002 1.5275 1.1058
-0.077 1.8306 2.2799 1.2283 1.1075 0.385 0.2925 1.6981 1.0164
-0.414 5.747 5.8687 1.1459 1.0624 0.3582 0.028 1.6032 1.074
0.157 5.8226 5.9122 1.14 0.9656 0.2425 0.0258 1.5136 1.1124
-0.216 6.1161 6.24 1.2467 1.1061 0.4271 0.0266 1.7205 1.1943
-0.281 10.489 10.68 1.8547 1.7721 0.9417 0.0143 2.7326 1.8453
0.84 9.0793 9.2379 1.9641 1.5789 0.4571 0.0179 2.5611 1.91
-0.23 10.502 10.695 2.1924 1.7561 0.6712 0.0151 2.8881 2.0591
0.128 1.0697 2.5165 1.8668 1.8561 0.4599 1.3484 2.6724 1.394
0.089 0.8676 2.8358 2.2257 1.9878 0.7147 2.3537 3.0685 1.4537
-0.104 1.9818 3.6225 2.5628 2.2338 0.9089 0.5173 3.519 1.7811
0.224 13.442 13.586 1.9637 1.7753 0.7591 0.0088 2.7539 1.9188
-0.26 0.4051 2.4926 2.0467 1.9179 0.5045 10.025 2.8498 1.4356
0.025 0.3137 2.6107 2.264 1.9354 0.4854 17.704 3.0178 1.5417
0.124 0.7445 2.7268 2.1593 1.9411 0.6588 3.1014 2.9773 1.4039
-0.352 11.906 12.148 2.5858 2.017 0.9851 0.0139 3.4241 2.4292
-0.274 8.8613 9.3442 2.9343 2.5178 1.5723 0.0307 4.1739 2.9354
-0.226 3.0723 4.2389 2.4599 2.1577 1.1259 0.2116 3.4604 1.8521
0.547 11.258 11.498 2.1203 2.0652 0.8959 0.0141 3.0925 2.0279
-0.212 4.9079 6.2161 3.4453 2.4693 1.794 0.1103 4.6028 2.5706
0.459 11.238 11.48 2.5753 2.0453 0.8117 0.0155 3.3874 2.4402
0.061 0.5831 2.8545 2.3055 2.0618 0.7038 5.3865 3.172 1.4965
-0.066 2.2109 3.3476 2.2277 1.958 0.4887 0.355 3.0059 1.6448
-0.065 2.409 2.7666 1.2855 1.1772 0.3045 0.176 1.7695 1.1297
0.086 2.5992 2.9529 1.427 1.1203 0.2878 0.157 1.8369 1.186
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052308_0021
052308_0022
052308_0023
052308_0024
052308_0025
052308_0026
052308_0027
052308_0028
052308_0029
052308_0030
052308_0031
052308_0032
052308_0033
061308_0001
061308_0002
061308_0003
061308_0004
061308_0005
061308_0006
061308_0007
061308_0008
061308_0009
061308_0010
061308_0011
061308_0012
061308_0013
061308_0014
061308_0015
061308_0016
061308_0017
061308_0018
061308_0019
061308_0020
061308_0021
061308_0022
061308_0023
061308_0024
061308_0025
061308_0026
061308_0027
061308_0028
061308_0029
Avg Mag Avg
Vz V-Avg Vmag RMS[Vx'] RMS[Vy'] RMS[Vz'] TI |RMS[V']| RMS[Vmag']
0.007 2.9411 3.2259 1.329 1.1632 0.2528 0.1191 1.7841 1.1931
-0.083 2.3939 2.752 1.4498 1.0694 0.2686 0.1835 1.8215 1.2131
0.012 1.913 2.3923 1.3092 1.179 0.2911 0.2817 1.7857 1.0588
-0.039 1.81 2.4264 1.4977 1.3055 0.335 0.3551 2.0148 1.2014
-0.06 2.4995 2.8717 1.4246 1.1171 0.2843 0.1694 1.8326 1.1639
0.062 2.9174 3.184 1.2281 1.1443 0.2548 0.1152 1.6978 1.1194
-2E-04 2.7593 3.1814 1.4737 1.3663 0.3183 0.1543 2.0347 1.2757
-0.021 1.919 2.6539 1.6574 1.4077 0.3356 0.345 2.2003 1.2143
-0.018 3.26 3.6065 1.5645 1.319 0.2787 0.1122 2.0652 1.3716
0.103 3.6401 3.8688 1.3512 1.1731 0.267 0.0788 1.8092 1.2461
0.066 2.8079 3.2502 1.5722 1.4353 0.3504 0.158 2.1574 1.4035
-0.141 3.3508 3.7379 1.5977 1.3552 0.4074 0.1097 2.1343 1.3437
0.063 3.7005 4.0333 1.563 1.3504 0.3805 0.0886 2.1003 1.3538
-0.515 8.8559 9.195 2.4884 2.3026 0.6613 0.0254 3.4542 2.4082
0.575 7.9736 8.2924 2.4999 2.0229 0.5356 0.0296 3.2601 2.3312
-0.701 8.2364 8.5364 2.2623 1.991 0.7324 0.0264 3.1014 2.1397
-0.015 0.6164 2.8561 2.3487 2.0632 0.6155 4.8419 3.1862 1.5363
0.281 7.8356 8.0561 2.1154 1.6437 0.6523 0.0259 2.7572 2.0231
-0.337 8.0777 8.3039 1.9558 1.7644 0.4722 0.0237 2.676 1.8573
-0.055 0.193 2.5403 2.0126 1.9352 0.6964 44.613 2.8776 1.361
0.419 7.1408 7.3958 1.9725 1.7877 0.4876 0.0306 2.7063 1.9001
-0.293 7.5787 7.8519 2.3218 1.7877 0.6058 0.0301 2.9923 2.1749
0.223 0.8461 2.8051 2.1692 2.0243 0.6691 2.4533 3.0415 1.4439
-0.185 0.3507 2.485 2.0948 1.9396 0.4308 13.555 2.8871 1.5073
-0.123 1.53 2.6815 1.878 1.7249 0.4442 0.6384 2.5883 1.3568
0.011 1.8951 3.8559 2.9518 2.2888 1.0554 0.6239 3.8814 1.9414
-0.119 5.5899 6.1503 2.7763 1.946 1.0056 0.0653 3.5364 2.4321
0.151 6.8969 7.2093 2.1744 1.9315 0.5929 0.036 2.9682 2.0966
-0.064 3.366 4.3854 2.5205 2.1286 0.9115 0.1744 3.4227 1.9493
-0.063 2.1353 3.061 1.994 1.7507 0.3673 0.3392 2.6788 1.5352
0.006 2.5547 3.1367 1.8133 1.4354 0.3514 0.2069 2.3392 1.4673
-0.001 2.7911 3.4796 1.8551 1.7442 0.3684 0.1907 2.5729 1.5146
-0.018 2.6625 3.4695 2.1143 1.686 0.3958 0.2226 2.7331 1.585
-0.09 2.1183 3.1936 2.1011 1.892 0.3958 0.3674 2.855 1.5584
-0.104 1.7048 3.0465 2.1431 1.9654 0.5176 0.5867 2.9535 1.5287
-0.029 3.123 3.8078 2.0641 1.8415 0.3935 0.1654 2.794 1.7469
0.079 3.3141 3.9021 2.0656 1.7044 0.3725 0.1421 2.7038 1.7494
0.04 2.563 3.4082 2.124 1.7622 0.4391 0.2456 2.7945 1.6594
-0.111 1.6437 2.8603 2.0809 1.8104 0.4722 0.598 2.7983 1.5301
-0.472 5.6437 6.0633 1.879 1.8938 0.907 0.0511 2.8178 1.7374
0.42 5.4877 5.8285 2.0018 1.8047 0.3765 0.0522 2.7213 1.8822
-0.531 5.8817 6.3106 2.192 1.9331 0.7642 0.0504 3.0209 1.9718
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File
050908_0001
050908_0002
050908_0003
050908_0004
050908_0005
050908_0006
050908_0007
050908_0008
050908_0009
050908_0010
050908_0011
050908_0012
050908_0013
050908_0015
050908_0016
050908_0017
050908_0018
050908_0019
050908_0020
050908_0021
050908_0022
050908_0023
050908_0024
050908_0025
050908_0026
050908_0027
050908_0028
050908_0029
050908_0030
052308_0001
052308_0002
052308_0003
052308_0004
052308_0005
052308_0006
052308_0007
052308_0008
052308_0009
052308_0010
052308_0011
052308_0012
052308_0013
052308_0014
052308_0015
052308_0016
052308_0017
052308_0018
052308_0019
052308_0020
Avg
Skew-x Skew-y Skew-z Kurt-x Kurt-y Kurt-z Cov-XY Cov-XZ Cov-YZ COR
-0.1572 0.0702 0.138 0.005 -0.084 0.1342 0.02055 -0.0138 -0.0204 72.54
-0.0947 0.1345 0.2497 0.066 0.312 -0.1219 -0.0286 -0.0101 0.07866 70.16
-0.2693 -0.1159 0.1552 -0.257 -0.1 -0.1969 0.00423 -0.0037 0.00581 68.88
-0.1798 -0.0318 0.3959 0.238 0.099 -0.0707 -0.0217 -0.0227 0.03336 65.49
0.1353 0.0304 0.0225 0.215 -0.019 -0.428 0.01433 -0.0051 -0.0095 69.83
-0.6371 -0.4749 0.2641 0.415 0.786 0.6871 0.49578 -0.1521 -0.0766 63.53
0.0601 0.2306 -0.0965 -0.139 0.306 -0.2708 0.07918 -0.0567 0.08893 63.61
-0.3932 -0.3188 0.1142 -0.005 0.072 0.2142 1.00432 -0.0242 0.08058 60
-0.2621 0.1166 0.1578 0.297 0.249 0.2009 -0.0994 -0.0136 0.00142 57.44
-0.0498 -0.0988 0.2137 0.433 0.111 0.1194 -0.0793 -0.025 0.02006 53.91
0.0596 -0.1979 -0.1967 0.109 0.4 -0.0532 -0.0292 -0.0884 -0.0182 51.69
0.1001 -0.161 -0.1899 0.376 0.505 0.2295 0.11491 -0.114 0.12389 51.44
-0.0728 -0.1361 -0.1459 0.169 0.14 0.3097 -0.4747 0.03205 -0.1229 50.29
-0.0405 0.1796 -0.0081 -0.113 0.35 -0.1398 -0.0425 0.05885 -0.1526 48.65
-0.0091 -0.0981 0.1921 0.215 0.131 -0.2094 0.00835 -0.1523 -0.0376 50.65
-0.2016 -0.1095 0.086 0.078 0.198 -0.0088 0.38476 -0.3123 0.12247 49.55
-0.1211 -0.0788 -0.0328 0.416 0.459 -0.0321 0.01354 0.01351 0.02193 56
0.0256 0.005 0.2908 0.625 0.302 0.2021 0.01492 -0.0114 0.00726 57.35
-0.4498 -0.0791 -0.0145 0.829 1.066 0.641 -0.0113 0.00386 0.01076 61.69
-0.2856 0.2307 0.1108 0.675 0.388 0.6885 -0.1049 0.0491 -0.0122 57.77
-0.3073 -0.2516 0.0561 0.612 0.663 0.1118 0.10129 0.06482 0.01037 56.07
-0.0872 0.0588 0.1244 0.459 0.341 0.1002 -0.0659 -0.0126 -0.0032 55.32
-0.3304 -0.0951 0.1003 0.224 0.556 0.0904 0.04897 0.00941 -0.0017 56.67
-0.171 0.1272 0.0232 0.759 0.452 0.3387 -0.0296 0.0043 -0.023 57.35
-0.0922 -0.159 0.0982 1.029 0.193 0.0656 -0.0337 0.0125 0.01204 57.05
0.0488 -0.0841 -0.1722 0.777 0.644 -0.0535 0.05341 0.02368 -0.0249 54.82
-0.2349 0.184 0.1122 0.529 0.305 -0.168 0.04664 0.05463 0.02102 54.23
-0.1868 0.0758 -0.1197 0.619 0.702 0.0973 0.08355 0.03312 0.00571 55.26
-0.2045 -0.1476 0.1019 0.535 0.518 0.0711 -0.0063 -0.0087 -0.0457 53.82
-0.1778 0.0366 0.3809 0.146 0.133 0.2709 -0.2324 0.18404 0.05667 46.71
-0.2315 0.0997 -0.0548 0.042 0.496 0.0458 -0.1087 0.09917 0.02508 46.48
-0.174 -0.0626 0.3626 0.118 0.184 0.5515 -0.2474 -0.0638 -0.0032 45.91
-0.0354 -0.055 -0.0555 0.459 0.276 0.3858 -0.1857 0.03693 0.06917 46.63
-0.1012 -0.0612 -0.0015 -0.018 0.417 -0.0402 0.31034 0.16194 -0.0027 45.88
0.0753 0.1777 0.0121 0.118 0.109 -0.1826 0.07198 0.0274 -0.1814 44.62
-0.3507 0.024 0.6215 0.24 0.229 0.4168 0.01527 -0.0887 0.03132 45.88
-0.0586 0.0442 0.0695 0.342 0.349 0.2616 0.05974 -0.0279 0.01769 45.56
0.0624 -0.1316 -0.1147 0.538 0.451 0.3833 -0.3588 0.10555 -0.0015 44.58
0.169 -0.0107 0.0812 -0.199 0.282 -0.0023 -0.2244 0.23407 -0.1899 45.53
-0.3515 -0.0227 0.1379 0.242 0.255 0.2319 -0.8862 -0.215 -0.077 45.99
-0.1356 -0.0665 -0.0892 -0.021 -0.192 -0.0277 2.26903 0.14069 -0.1908 45.73
0.1714 0.0439 -0.3356 -0.076 -0.008 -0.0282 1.1347 -0.321 -0.1814 46.96
-0.0766 0.0149 0.0272 -0.05 -0.114 0.1081 -0.2108 0.07206 -0.1625 46.51
-0.0701 -0.1398 -0.0205 -0.337 -0.172 -0.3397 -1.5185 0.97814 0.27413 45.35
-0.1834 0.0215 -0.0208 0.007 0.19 0.0348 -0.2545 0.03824 -0.1944 45.77
0.0095 0.0017 0.2251 0.069 0.171 -0.193 0.09476 0.15825 0.07647 45.81
0.0637 0.0409 -0.0346 0.383 0.037 -0.1139 -0.1629 0.01088 0.03585 45
0.0109 0.0366 0.1534 0.459 0.632 0.4433 -0.0368 -0.0013 0.02246 54.17
-0.2556 0.0759 0.0139 0.538 0.651 0.4753 -0.0634 -0.0003 0.00127 53.81
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File
052308_0021
052308_0022
052308_0023
052308_0024
052308_0025
052308_0026
052308_0027
052308_0028
052308_0029
052308_0030
052308_0031
052308_0032
052308_0033
061308_0001
061308_0002
061308_0003
061308_0004
061308_0005
061308_0006
061308_0007
061308_0008
061308_0009
061308_0010
061308_0011
061308_0012
061308_0013
061308_0014
061308_0015
061308_0016
061308_0017
061308_0018
061308_0019
061308_0020
061308_0021
061308_0022
061308_0023
061308_0024
061308_0025
061308_0026
061308_0027
061308_0028
061308_0029
Avg
Skew-x Skew-y Skew-z Kurt-x Kurt-y Kurt-z Cov-XY Cov-XZ Cov-YZ COR
-0.1753 0.165 0.1415 0.634 0.855 0.9043 -0.0547 0.03842 0.01923 55.07
-0.1417 0.1478 -0.0017 0.289 0.697 0.2659 0.06938 0.06763 -0.0175 54.58
0.1226 -0.1187 0.1471 0.423 0.27 0.4402 -0.159 0.04378 0.04 54.22
-0.0205 -0.0091 0.0569 0.265 0.427 0.3978 0.02317 0.02175 -0.0089 52.07
-0.1212 0.0668 0.187 0.588 0.528 0.2495 0.04118 0.02795 0.02174 53.4
-0.2205 0.0357 -0.0561 0.299 0.562 -0.0107 -0.0415 0.00881 0.01667 53.22
-0.2048 0.0267 -0.1492 0.341 0.475 0.5036 -0.0191 0.04841 0.03283 52.58
-0.2903 0.1289 0.1719 0.394 0.458 0.2641 0.05854 -0.036 -0.013 51.15
-0.1751 -0.0513 0.099 0.237 0.656 0.3034 0.19911 0.03914 0.02586 51.86
-0.1944 -0.0422 0.1159 0.365 0.488 0.1854 -0.0016 0.0178 0.0047 52.7
0.1789 0.0177 0.0985 0.542 0.382 0.2696 -0.0032 0.03639 0.05917 51.11
-0.1597 0.0031 0.0513 0.335 0.2 0.3455 -0.0621 0.03541 0.02775 51.69
-0.0116 -0.1219 0.2045 0.377 0.467 0.0316 -0.0464 0.10776 -0.0344 51
-0.0133 -0.099 -0.126 -0.014 -0.127 -0.0181 -0.2049 0.0347 0.07607 41.29
-0.2549 0.1338 0.0419 -0.161 0.031 0.0727 -0.4821 0.15504 0.07886 42.62
-0.0531 -0.0677 0.1021 0.311 0.147 -0.1566 -0.1932 0.01748 -0.0722 44.62
0.0099 0.01 0.0093 -0.046 0.161 0.1062 -0.0976 0.23725 0.03322 44.98
-0.077 0.046 0.2122 0.007 -0.004 -0.3004 0.08166 0.01271 -0.0047 46.55
-0.4207 -0.1966 0.0171 0.519 0.297 0.1414 0.12715 0.07127 -0.0172 46.55
-0.01 -0.0999 -0.1118 0.17 0.126 0.1375 0.15461 0.18048 0.10035 48.06
-0.2131 -0.0557 -0.0549 0.307 0.244 0.1706 0.22744 -0.0109 -0.0411 46.72
-0.1676 -0.0614 -0.0071 -0.015 0.231 0.2655 -0.0068 0.03003 -0.1176 46.34
-0.0791 -0.0612 -0.0165 -0.026 0.049 0.1261 0.15814 0.15913 -0.0391 45.59
-0.0228 0.1291 -0.0692 0.334 0.49 0.2131 0.26753 0.09889 -0.0332 46.7
0.0372 0.1216 0.0603 0.037 0.349 0.2231 0.02764 0.00746 -0.0049 46.18
-0.0045 0.1028 0.0034 -0.122 -0.234 0.0419 -0.6349 0.47882 0.10888 44.64
-0.1432 0.1338 -0.2159 -0.186 0.073 0.1884 0.06961 0.24715 -0.159 45.19
-0.2853 -0.0805 0.1183 0.223 0.116 -0.1096 0.44636 -0.0871 0.009 45.82
-0.1485 -0.0376 -0.1105 -0.049 0.076 -0.2207 0.50313 -0.2569 0.13232 45.95
-0.0338 0.0606 -0.0486 0.351 0.257 0.1581 0.10274 0.11159 0.00923 47.03
-0.006 0.1769 -0.0538 0.259 0.366 0.4175 0.11168 0.02768 -0.0022 48.25
-0.2071 0.0367 -0.0422 0.371 0.269 0.4357 -0.0477 0.09786 0.01329 46.77
-0.282 -0.0392 0.0297 0.163 0.267 0.201 -0.002 0.10359 0.01119 46.08
-0.0761 0.0124 0.101 0.09 0.144 0.0554 -0.454 0.08983 0.00757 44.95
-0.0615 -0.2454 -0.037 0.322 -0.098 -0.143 -0.0213 0.05547 0.03958 44.63
-0.0046 0.0935 0.0954 0.28 0.283 0.2114 -0.0217 0.12231 -0.0288 46.81
-0.0562 -0.059 0.1443 0.214 0.465 0.0629 0.11192 0.02853 0.01236 46.83
0.0678 -0.0025 -0.0519 0.256 0.255 0.2442 0.06232 0.04155 -0.01 45.63
-0.0268 -0.0722 0.2002 0.422 0.511 0.1776 0.03195 0.13459 0.00415 46.29
-0.2781 0.0272 -0.2152 0.074 0.015 0.1341 0.13204 0.07583 0.17399 45.99
-0.1618 0.2173 -0.1164 0.306 0.386 0.2499 -0.2785 0.06983 0.00638 46.69
-0.0841 -0.0335 0.2029 0.137 0.307 0.2264 -0.1181 -0.14 0.09011 45.02
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File
050908_0001
050908_0002
050908_0003
050908_0004
050908_0005
050908_0006
050908_0007
050908_0008
050908_0009
050908_0010
050908_0011
050908_0012
050908_0013
050908_0015
050908_0016
050908_0017
050908_0018
050908_0019
050908_0020
050908_0021
050908_0022
050908_0023
050908_0024
050908_0025
050908_0026
050908_0027
050908_0028
050908_0029
050908_0030
052308_0001
052308_0002
052308_0003
052308_0004
052308_0005
052308_0006
052308_0007
052308_0008
052308_0009
052308_0010
052308_0011
052308_0012
052308_0013
052308_0014
052308_0015
052308_0016
052308_0017
052308_0018
052308_0019
052308_0020
Avg Avg Span of 95% Span of 95% Span of 95%
SNR AMP Conf.Interval-Vx Conf.Interval-Vy Conf.Interval-Vz
3.47 41.08 0.1001 0.1002 0.0453
3.24 40.54 0.1154 0.1162 0.0652
2.91 39.77 0.101 0.0947 0.036
2.3 39.69 0.1227 0.1064 0.0592
2.42 39.96 0.1104 0.1048 0.0462
2.26 39.58 0.2628 0.1688 0.119
2.4 39.92 0.2112 0.1864 0.0999
2.12 39.26 0.3085 0.23 0.1625
1.72 38.33 0.1928 0.1633 0.074
1.29 37.34 0.2583 0.2555 0.0778
1.18 37.07 0.2667 0.2556 0.0866
1.17 37.04 0.2756 0.2532 0.0706
1.11 36.91 0.3348 0.314 0.1178
1.24 37.21 0.3945 0.3316 0.1971
1.34 37.46 0.2777 0.256 0.0889
1.21 37.15 0.3855 0.341 0.1486
1.48 37.76 0.206 0.169 0.0506
1.62 38.1 0.1845 0.1607 0.0399
2.68 40.57 0.1617 0.1391 0.0344
1.65 38.17 0.1838 0.1493 0.0399
1.34 37.44 0.227 0.1641 0.0468
1.36 37.51 0.2064 0.1855 0.0473
1.6 38.06 0.1845 0.1626 0.0432
1.54 37.92 0.1972 0.1553 0.042
1.36 37.5 0.2221 0.1591 0.0438
1.22 37.17 0.2171 0.1957 0.0681
1.15 37 0.1984 0.184 0.062
1.35 37.48 0.1976 0.1674 0.042
1.21 37.15 0.2176 0.193 0.0745
1.64 37.14 0.3184 0.3042 0.1617
1.55 36.95 0.331 0.2661 0.077
1.45 36.7 0.3804 0.3047 0.1164
1.5 36.83 0.3196 0.3178 0.0787
1.37 36.51 0.3807 0.34 0.1223
1.31 36.38 0.4292 0.3741 0.1522
1.43 36.65 0.3404 0.3077 0.1316
1.49 36.81 0.3534 0.3311 0.0871
1.26 36.26 0.3913 0.3345 0.0839
1.33 36.43 0.367 0.3299 0.1119
1.49 36.81 0.4343 0.3387 0.1654
1.47 36.76 0.4837 0.4151 0.2592
1.49 36.8 0.408 0.3579 0.1867
1.48 36.77 0.3535 0.3444 0.1494
1.38 36.54 0.57 0.4085 0.2968
1.48 36.77 0.4235 0.3363 0.1335
1.44 36.69 0.3896 0.3485 0.1189
1.28 36.32 0.3768 0.3312 0.0827
1.28 36.65 0.2263 0.2072 0.0536
1.29 36.67 0.2476 0.1944 0.0499
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File
052308_0021
052308_0022
052308_0023
052308_0024
052308_0025
052308_0026
052308_0027
052308_0028
052308_0029
052308_0030
052308_0031
052308_0032
052308_0033
061308_0001
061308_0002
061308_0003
061308_0004
061308_0005
061308_0006
061308_0007
061308_0008
061308_0009
061308_0010
061308_0011
061308_0012
061308_0013
061308_0014
061308_0015
061308_0016
061308_0017
061308_0018
061308_0019
061308_0020
061308_0021
061308_0022
061308_0023
061308_0024
061308_0025
061308_0026
061308_0027
061308_0028
061308_0029
Avg Avg Span of 95% Span of 95% Span of 95%
SNR AMP Conf.Interval-Vx Conf.Interval-Vy Conf.Interval-Vz
1.33 36.77 0.2315 0.2026 0.044
1.37 36.86 0.2506 0.1848 0.0464
1.31 36.7 0.2335 0.2103 0.0519
1.3 36.7 0.255 0.2223 0.057
1.35 36.8 0.2513 0.1971 0.0502
1.28 36.64 0.2145 0.1999 0.0445
1.24 36.55 0.2549 0.2364 0.0551
1.1 36.21 0.284 0.2412 0.0575
1.17 36.38 0.2676 0.2256 0.0477
1.2 36.47 0.2372 0.2059 0.0469
1.13 36.29 0.2662 0.243 0.0593
1.2 36.45 0.2761 0.2342 0.0704
1.18 36.41 0.2654 0.2293 0.0646
1.15 36.01 0.416 0.385 0.1106
1.19 36.1 0.4128 0.3341 0.0885
1.26 36.26 0.3743 0.3294 0.1212
1.26 36.26 0.3969 0.3487 0.104
1.24 36.21 0.3546 0.2755 0.1094
1.28 36.31 0.3244 0.2926 0.0783
1.44 36.68 0.3449 0.3316 0.1193
1.25 36.23 0.3322 0.301 0.0821
1.25 36.24 0.3917 0.3016 0.1022
1.2 36.11 0.3686 0.344 0.1137
1.3 36.36 0.3603 0.3336 0.0741
1.25 36.23 0.3183 0.2923 0.0753
1.14 35.99 0.494 0.383 0.1766
1.2 36.12 0.4714 0.3304 0.1707
1.27 36.28 0.3642 0.3235 0.0993
1.29 36.33 0.4181 0.3531 0.1512
1.2 36.13 0.3414 0.2997 0.0629
1.27 36.29 0.317 0.251 0.0614
1.15 36.01 0.3161 0.2972 0.0628
1.13 35.96 0.3519 0.2806 0.0659
1.03 35.74 0.3535 0.3183 0.0666
1.11 35.92 0.3599 0.3301 0.0869
1.19 36.1 0.3457 0.3084 0.0659
1.17 36.05 0.3463 0.2857 0.0625
1.08 35.84 0.3577 0.2967 0.0739
1.19 36.11 0.3517 0.306 0.0798
1.15 36.02 0.3182 0.3207 0.1536
1.14 35.98 0.338 0.3047 0.0636
1.04 35.75 0.3678 0.3244 0.1282
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B FME Model
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C Numerical Model Grid of The Rigolets
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